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BY-LAWS. 
Article  I. 

MEMBERS. 

Section  1.  Any  person  engaged  in  the  construction  or  maintenance  of 
work  in  wliich  cement  is  used,  or  qualified  by  business  relations  or  practical 
experience  to  co-operate  in  the  purposes  of  the  Institute,  or  engaged  in  thi! 
manufacture  or  sale  of  machinery  or  supplies  for  cement  users,  (Jr  a  man 
who  has  attained  eminence  in  the  field  of  engineering,  architecture  or 
applied  science,  is  eligible  for  membership. 

Sec.  2.     A  firm  or  company  shall  be  treated  as  a  single  member. 

Sec.  3.  Any  member  contributing  annually  twenty  or  more  dollars  in 
addition  to  the  regular  dues  shall  be  designated  and  listed  as  a  Contribut- 
ing Member. 

Sec.  4.  Application  for  membership  shall  be  made  to  the  Secretary  on 
a  form  prescribed  by  the  Board  of  Direction.  The  Secretary  shall  submit 
monthly  or  oftener,  if  necessary,  to  each  member  of  the  Board  of  Direction 
for  letter  ballot  a  list  of  all  applicants  for  membership  on  hand  at  that 
time  with  a  statement  of  the  qualifications,  and  a  two-thirds  majority  of 
the  members  of  the  Board  shall  be  necessary  to  an  election. 

Applicants  for  membership  shall  be  qualified  upon  notification  of  elec- 
tion by  the  Secretary  by  the  payment  of  the  annual  dues,  and  unless  these 
dues  are  paid  within  60  days  thereafter  the  election  shall  become  void. 
An  extract  of  the  By-Laws  relating  to  dues  shall  accompany  the  notice  of 
election. 

Sec.  5.  Resignations  from  membership  must  be  presented  in  writing 
to  the  Secretary  on  or  before  tlie  close  of  the  fiscal  year  and  shall  be 
acceptable  provided  the  dues  are  paid  for  that  year. 

Article  II. 


Section  1.  The  officers  shall  be  the  President,  two  Vice-Presidents, 
six  Directors  (one  from  each  geographical  district),  the  Secretary  and  the 
Treasurer,  who,  with  the  five  latest  living  Past-Presidents,  who  continue 
to  be  members,  shall  constitute  tlie  Board  of  Directois. 

Sec.  2.  The  Board  of  Direction  shall,  from  time  to  time,  divide  the 
territory  occupied  by  the  membership  into  six  geographical  districts,  to  be 
designated  by  numbers. 

Sec.  3.  There  shall  Ik!  a  ('ominittec  of  the  inenil)ei"s  on  Nomination 
of  Officers,  ('1(!cI(mI  by  hotter  ballot   of  (he  incinlicis  of  the   Institute,  which 
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By-Laws  1 1 

is  to  be  canvassed  by  the  Board  of  Direction  on  or  before  September  1 
of  each  year. 

The  Committee  on  Nomination  of  Officers  sliall  select  by  letter  ballot  of 
its  members,  candidates  for  the  various  offices  to  become  vacant  at  the  next 
Annual  Convention  and  report  the  result  to  the  Board  of  Direction  who 
shall  transmit  the  same  to  the  members  of  the  Institute  at  least  60  days 
prior  to  the  Annual  Convention.  Upon  petition  signed  by  at  least  ten 
members,  additional  nominations  may  be  made  within  20  days  thereafter. 
The  consent  of  all  candidates  must  be  obtained  before  nomination.  The 
complete  list  of  candidates  thus  nominated  shall  be  submitted  30  days 
before  the  Annual  Convention  to  tjie  members  of  the  Institute  for  letter 
ballot,  to  be  canvassed  at  12  o'clock  noon  on  the  second  day  of  the  Conven- 
tion and  the  result  shall  be  announced  the  next  day  at  a  business  session. 

Sec.  4.  The  terms  of  office  of  the  President,  Secretary  and  Treasurer 
shall  be  one  year;  of  the  Vice-Presidents  and  the  Directors,  two  years. 
Provided,  however,  that  at  the  first  election  after  the  adoption  of  this 
By-Law,  a  President,  one  Vice-President,  three  Directors  and  a  Treasurer 
shall  be  elected  to  serve  for  one  year  only,  and  one  Vice-President  and  three 
Directors  for  two  years;  provided,  also,  that  after  the  first  election  a 
President,  one  Vice-President,  three  Directors  and  a  Treasurer  shall  be 
elected  armually. 

The  term  of  each  officer  sliall  begin  at  the  close  of  the  Annual  Conven- 
tion at  which  such  officer  is  elected,  and  shall  continue  for  the  period  above 
named  or  until  a  successor  is  duly  elected. 

A  vacancy  in  the  office  of  President  shall  be  filled  by  the  senior  Vice- 
President.  A  vacancy  in  the  office  of  Vice-President  shall  be  filled  by  the 
senior  Director. 

Seniority  between  persons  holding  similar  offices  shall  be  determined  by 
priority  of  election  to  the  office,  and  when  these  dates  are  the  same,  by 
priority  of  admission  to  membershijj;  and  when  the  latter  dates  are 
identical,  the  selection  shall  be  made  by  lot.  In  case  of  the  disability  or 
neglect  in  the  performance  of  his  duty,  of  any  officer  of  the  Institute,  the 
Board  of  Direction  shall  have  power  to  declare  the  office  vacant.  Vacancies 
in  any  office  for  the  unexpired  term  shall  be  filled  by  the  Board  of  Direc- 
tion, except  as  provided  above. 

Sec.  5.  The  Board  of  Direction  shall  have  general  supervision  of  the 
affairs  of  the  Institute  and  at  the  first  meeting  following  its  election, 
appoint  a  Secretary  and  from  its  own  members  a  Finance  Committee  of 
three;  it  shall  create  such  special  coniTnittees  as  may  be  deemed  desirable 
for  the  purpose  of  preparing  recommended  practice  and  standards  concern- 
ing tlie  proper  use  of  cement  for  consideration  by  the  Institute,  and  shall 
appoint  a  chairman  for  each  committee.  Four  or  more  additional  members 
on  each  special  committee  shall  be  appointed  by  the  President,  in  consulta- 
tion with  the  Chairman. 

Sec.  6.  It  shall  be  the  duty  of  the  Finance  Committee  to  prepare  the 
annual  budget  and  to  pass  on  proposed  expenditures  before  their  submission 
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to  the  Board  of  Direction.  1'lie  accounts  of  the  Secretary  and  Treasurer 
shall  he  audited  annually. 

Sec.  7.  The  Board  of  Direction  shall  ajjpoint  a  Committee  on  Resolu- 
tions, to  be  announced  Ijy  the  President  at  the  first  regular  session  of  the 
Annual  Convention. 

Sec.  8.  There  shall  be  an  Executive  Committee  of  the  Board  of 
•Direction,  consisting  of  the  President,  the  Secretary,  the  Treasurer  and 
two  of  its  members,  appointed  by  the  Board  of  Direction. 

Sec.  9.  The  Executive  Committee  shall  manage  the  affairs  of  the 
Institute  during  the  interim  between  the  meetings  of  the  Board  of  Direc- 
tion. 

Sec.  10.  The  President  shall  perform  the  usual  duties  of  the  office. 
He  shall  preside  at  the  Annual  Convention,  at  the  meetings  of  the  Board  of 
Direction  and  the  Executive  Committee,  and  shall  be  ex-officio  member  of 
all  committees. 

The  Vice-Presidents  in  order  of  seniority  shall  discharge  the  duties 
of  the  President  in  his  absence. 

Sec.  11.  The  Secretary  shall  be  the  general  business  agent  of  the 
Institute,  shall  perform  such  duties  and  furnish  such  bond  as  may  be 
determined  by  the  Board  of  Direction. 

Sec.  12.  The  Treasurer  shall  he  the  custodian  of  the  funds  of  the 
I^istitute,  shall  disburse  the  same  in  the  manner  prescribed  and  shall 
furnish  bond  in  such  sum  as  the  Board  of  Direction  may  determine. 

Sec.  13.  The  Secretary  shall  receive  such  salary  as  may  be  fixed  by 
the  Board  of  Direction. 

Article  III. 

MEETINGS. 

Section  1.  The  Institute  shall  meet  annually.  The  time  and  place 
shall  be  fixed  by  the  Board  of  Direction  and  notice  of  this  action  shall  be 
mailed  to  all  members  at  least  thirty  days  previous  to  the  date  of  the 
Convention. 

Sec.  2.  The  Board  of  Direction  shall  meet  during  the  Convention  at 
which  it  is  elected,  effect  organization  and  transact  such  business  as  may 
be  necessary. 

Sec.  3.  The  Board  of  Direction  shall  Ineet  at  least  twice  each  year. 
The  time  and  place  to  be  fixed  by  the  Executive  Committee. 

Sec.  4.  A  majority  of  the  members  shall  constitute  a  quorum  for 
meetings  of  the  Board  of  Direction  and  of  the  Executive  Committee. 

Autici-e  IV. 

DITES. 

Section  I.  'I'lic  liscal  year  shall  connncncc  on  the  iirsl  of  July  and  all 
dues  sliall    he   |iayalih'   in   advance. 
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Sec.  2.    The  annual  dues  of  each  member  shall  be  ten  dollars  ($10.00). 

Sec.  3.  Any  person  elected  after  six  months  of  any  fiscal  year  shall 
have  expired,  need  pay  only  one-half  of  the  amount  of  dues  for  that  fiscal 
year;  but  he  shall  not  be  entitled  to  a  copy  of  the  Proceedings  of  that 
year. 

Sec.  4.  A  member  whose  dues  remain  unpaid  for  a  period  of  three 
months  shall  forfeit  the  privilege  of  membership  and  shall  be  officially  noti- 
fied to  this  effect  by  the  Secretary,  and  if  these  dues  are  not  paid  within 
thirty  days  thereafter  his  name  shall  be  stricken  from  the  list  of  members. 
Members  may  be  reinstated  upon  the  payment  of  all  indebtedness  against 
them  upon  the  books  of  the  Institute. 

Article  V. 
recommended  practice  and  specifications. 

Section  1.  Proposed  Recommended  Practice  and  Specifications  to  be 
submitted  to  the  Institute  must  be  mailed  to  the  members  at  least  thirty 
days  prior  to  the  Annual  Convention,  and  as  there  amended  and  approved, 
passed  to  letter  ballot,  which  shall  be  canvassed  within  sixty  days  there- 
after; such  Recommended  Practice  and  Specifications  shall  be  considered 
adopted  unless  at  least  10  percent  of  the  total  membership  shall  vote  in 
the  negative. 

Article  VI. 

AMENDMENT. 

Section  1.  Amendments  to  these  By-Laws,  signed  by  at  least  fifteen 
members,  must  be  presented  in  writing  to  the  Board  of  Direction  ninety 
days  before  the  Annual  Convention  and  shall  be  printed  in  the  notice  of  the 
Annual  Convention.  These  amendments  may  be  discussed  and  amended 
at  the  Annual  Convention  and  passed  to  letter  ballot  by  a  two-thirds 
vote  of  those  present,.  Two-thirds  of  the  votes  cast  by  letter  ballot  shall 
be  necessary  for  their  adoption. 


SUMMARY  OF  THE  PROCEEDINGS  OF  THE  EIGHTEENTH 

ANNUAL  CONVENTION. 

Hotel  Wiiitoii,   Cleveland,   0. 

First  Session,  Monday,  Feb.  13,  1922,  2  p.  m. 

The  convention  was  called  to  order  by  Henry  C.  Turner,  president  of 
the  American  Concrete  Institute. 

Report  of  Committee  S-6,  on  Concrete  Roads,  was  presented  by  its 
secretary,    C.    R.   Ege.      The   report   was    accepted. 

Report  of  Committee  S-2,  on  Reinforced-Concrete  Highway  Bridges  and 
Culverts,  was  presented  by  its  chairman,  A.  B.  Cohen.  The  report  was 
accepted. 

Moving  pictures  of  roadbuilding  construction  were  presented  by  George 
A.  Sherron  of  the  Koehring  Machine  Co. 

President  H.  C.  Turner  presented  a  paper  on  building  conditions  in 
England. 


Second  Session,  Monday,  Feb.  13,  1922,  8  p.  m. 

President  H.  C.  Turner  iii  the  chair. 

Report  of  Committee  S-5,  on  Reinforced-Concrete  Houses,  was  pre- 
sented by  its  secretary,  A.  C.  Irwin. 

Director  E.  D.  Boyer  in  the  chair. 

J.  A.  Ferguson,  member  of  Committee  S-5,  presented  a  discussion  of 
tlie  coinmittee  report. 

Mr.  A.  E.  Lindau  in  the  chair. 

There  was  further  discussion  of  the  report  of  Committee  S-5  and 
the  report  was  then,  accepted  by  the  Institute  as  a  progress  report. 

The  following  papers  on  concrete  houses  were  read: 

"Concrete  Houses  at  Small  Cost,"  by  Miss  Kate  Gleason. 

"Gun-Stone    Houses    at    Watertown,    Mass.,"    ))y    H.    Whittemore 
Brown. 

"Reinforced-Concrete  Houses,"  by  B.  V.  Hueber. 

"Concrete  Houses,'"  bv  P.  R.  Smith. 


TifiRD  SicssroN,  Tuesday,  1<'eh.  14,  1922,  9.30  a.  m. 

I'rcsidciit    II.  C.  Turner  in  the  cluiir. 

Report   of    Committee   E-3,    on    Research,    was    read    by    its    cliairman, 
I'rof.    \V.    K.    Katl.    Tlie   report   was  accepted. 
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The  following  papers  were  read  and  discussed : 

"Flexural  Strength  of  Plain  Concrete,"  by  Duff  A.  Abrams. 
"Ball  Test  Applied  to  Concrete,"  by  W.  K.  Hatt. 
"Fatigue  Tests  of  Concrete,"  bj'  W.  K.  Hatt. 

The  secretary  read  the  report  of  the  Board  of  Direction. 
The  president  appointed  a  Resolutions  Committee  and  tellers  for  the 
counting  of  the  ballots. 


Fourth  Sessioi^,  Tuesday,  Feb.  14,  1922,  2  p.  it. 

Vice-President  W.  P.  Anderson  in  the  chair. 
The  following  papers  were  read  and  discussed: 

"The    Limitation    and    Possibilities    of    the    Present    and    Future 
Markets  •  for   Concrete   Building  Units,"  by  W.  D.  M.  Allan. 

"The  Use   of   Concrete  Block   in   the   Construction   of   Houses   for 
Employees  of  the  Youngstown  Sheet  &  Tube  Co.,"  by  B.  E.  Brooke. 

Report  of  Committee  P-1,  on  Standard  Concrete  Building  Units,  was 
presented  by  its  secretary,  W.  R.  Harris. 

The  minority  report  of  Committee  P-1  was  jjresented  by  S.  H. 
Wightman. 

A  discussion  of  the  two  reports  was  offered  by  John  W.  Lowell,  a 
member  of  the  committee.  Mr.  Lowell's  compromise  suggestions  were 
discussed. 

A  defense  of  the  majority  report  was  presented  by  the  chairman  of 
the  committee,  R.  F.  Havlik.  It  was  moved  and  seconded  that  the  majority 
and  minority  reports  be  printed  and  that  the  committee  be^  asked  to  get 
together  to  present  a  majority  report  at  the  next  annual  meeting.  The 
motion  was  adopted  by  a  majority  vote. 

Report  of  Committee  P-5,  on  Fire  Resistance  of  Concrete  Building 
Units,  was  presented  by  its  chairman,  Leslie  H.  Allen.  The  report  was 
acceisted  and  the  resolution  noted  in  the  report  was  adopted  by  the  meeting. 

Report  of  Committee  P-4,  on  Concrete  Staves,  was  read  by  Mr.  Jack- 
son.    The  report  was  accepted. 


Fifth  Session,  Tuesday,  Feb.  14,  1922,  8  p.  m. 

President  H.  C.  Turner  in  the  chair. 

Report  of  Committee  J-2,  on  Concrete  Pipe,  was  presented  by  its 
chairman,  B.  S.  Pease.     The  report  was  received. 

Report  of  Committee  P-7  on  Concrete  Pipe,  Drain  Tile  and  Conduit 
was  presented  by   its   chairman,   C.    F.   Buente.     The   report   was   received 
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and  the  recommendation  of  the  committee  that  certain  standards  of  the 
American  Society  for. Testing  Materials  ])e  adopted  as  standards  of  the 
Institute  was  confirmed. 

Report  of  Committee  P-0,  on  Products  Plant  Operation,  was  pre- 
sented by  its  chairman,  S.  H.  Wightjnan.     The.  report  was  received. 

Report  on  Committee  S-1,  on  Concrete  Chimneys,  was  presented  by 
its  chairman,  Eric  Plagwit.     The  report  was  received. 


Sixth  Session,  Wednesday,  Feb.  1.5,  1922,  9.30  a.  m. 

President  H.  C.  Turner  in  the  chair. 

A  demonstration  of  practical  field  probleniis  was  given  by  Prof.  DufT 
A.  Abrams  and  Stanton  Walker  of  the  Structural  Materials  Research 
Laboratory,  Lewis  Institute,  Chicago. 

Report  of  Committee  C-1,  on  Contractors  Plant,  wag  presented  by 
John  G.  Ahlers,  member  of  the  committee.    The  report  was  accepted. 

Report  of  Committee  C-2,  on  Concrete  Floor  Finish,  was  presented  by 
its  chairman,  N.  M.  Loney.     The  report  was  accepted. 

The  following  papers  were  read  and  discussed:  — . 

"Concrete  Floor  Surfaces,"  by  Joseph  C.  Grady. 

"Bailey  Floor  Finish,"  by  W.  M.  Bailey   (read  by  title  only). 

The  Wason  Medal  for  the  most  meritorious  paper  presented  to  the 
1921  Convention  was  presented  by  A.  R..  Lord  of  the  Wason  Medal  Com- 
mittee to  Prof.  H.  M.  Westergaard  of  the  University  of  Illinois  for  his 
paper  entitled  "Analysis  of  Homogeneous  Elastiit;  Plates,"  a  part  of  the 
joint  paper  on  "Moments  and  Stresses  in  Slabs"  jiresented  by  Mr.  W.  A. 
Slater  and  Prpf.  H.  M.  Westergaard. 

The  tellers  announced  the  election. of  the  following  officers: 

Preside>)it ;  William  P.  Anderson,  president,  Ferro  Concrete  Con- 
struction  Co.,   Cincinnati,   Ohio. 

Vice-president  (full  t^vo-year  term)  ;  M.  M.  Upson,  vice-president, 
Raymond  Concrete  Pile  Co.,  New  York  City. 

Vice-president  (one-year  term);  A.  E.  Lindau,  vice-president.  Cor- 
rugated Bar  Co.,  Buffalo,  N.  Y. 

Treasurer ;  Harvey  Whipple,  Editor,  "Concrete,"  Detroit,  Mich. 

Directors,  First  District,  Charles  E.  Nichols,  Stone  &  Webster  Co., 
Boston,  Mass.;  Second  District,  E.  D.  Boyer,  Atlas  Portland  Cement 
Co.,  New  York  City;  Sixth  District,  Arthur  Bent,  Bent  Brothers,  Con- 
tiuictors,  Los  Angeles,  Cal. 

President  Anderson  was  escorted  to  the  chair  by  past  president 
Richard  L.  Humphrey  and  addressed  tlie  meeting. 
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Seventh  Session,  Wednesday,  Feb.  15,  1922,  2  p.  m. 

President  H.  C.  Turner  in  the*  chair. 

Vice-president  elect  A.   E.   Lindaii  in  the  chair. 

Report  of  Committee  C-3,  on  Concrete  Surfaces,  was  presented  by  its 
chairman,   J.   C.  Pearson.     The  report  was  accepted. 

Report  of  Committee  E-7,  on  Waterproofing,  was  presented  by  J.  H. 
Libberton,  secretary.     The  report  was  accepted. 

Report  of  Committee  C-4,  on  Metal  Forms,  was  presented  by  W.  F. 
Eockhardt,  of  the  committee.     The  report  was  accepted. 

The  following  papers  were  read  and  discussed : 

"Corrosion  of  Steel  Reinforcing,"  by  M.  E.  Hibbs,  construction 
engineer.   Bureau  of   Building   Inspection,   Philadelphia. 

"An  Accurate  Mechanical  Solution  of  Statically  Indeterminate 
Structures  by  Use  of  Paper  Models  and  Special  Gages,"  by  Prof. 
George  E.  Beggs,  Princeton  University. 


Eighth  Session,  Thursday,  Feb.  16,  1922,  9  a.  m. 

President  H.  C.  Turner  in  the  chair. 

The  session  was  devoted  to  a   discussion  of  the  report  of  the  Joint 
Committee  on  Concrete  and  Reinforced  Concrete. 


Ninth  Session,  Thursday,  Feb.  16,  1922,  2.30  p.  m. 

The  session  was  devoted  to  a  further  discussion  of  the  report  of  the 
Joint  Committee  on  Concrete   and   Reinforced  Concrete. 


THE  WASON  MEDAL. 


Awarded  Each  Year  to  the  Author  of  the  Most  Meritorious  Paper 
Presented  to  the  Previous  Annual  Convention. 


Awarded  1921  to 

H.  M.  Westergaard,  for  his  paper,  "Analysis  of  Homogeneous  Elastic 

Plates." 


Previous  Awards. 

1916 — A.    B.   McDaniel,    "Influence   of   Temperature   on   tlie    Strength   of 

Concrete." 

1917 — Charles  R.  Gow,  "History  and  Present  Status  of  the  Concrete  Pile 

Industry." 

1918 — Duff  A.  Abrams,  "Efiect  of  Time  of  Mixing  on  the  Strength  and 
Wear   of   Concrete." 

1919 — W.  A.  Slater,  "Structural  Laboratory  Investigations  in  Reinforced 

Concrete   Made   by    Concrete    Ship    Section,    Emergency 

Fleet   Corporation." 

1920 — W.  A.  Hull,  "Fire  Tests  of  Concrete  Columns." 
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Papers  Read  Before  the  18th  Annual 

Convention  of  the  American 

Concrete  Institute 


FLEXURAL  STRENGTH  OF  PLAIN  CONCRETE 

By  Duff  A.  Abbams  * 

The  flexural  strength  of  concrete  is  low  as  compared  with  its  com- 
pressive strength;  the  use  of  steel  bars- to  supply  this  deficiency  is  the  basic 
principle  of  reinforced  concrete  construction.  For  many  years  little  atten- 
tion has  been  given  to  the  flexural  strength  of  concrete,  due  to  the  practice 
of  disregarding  the  tensile  stresses  in  the  concrete  in  the  design  of 
re.info7xed-concrete  members  and  structures.  With  the  advent  of  concrete 
roads  and  pavements,  the  flexural  strength  of  concrete  again  became 
important;  it  may  in  fact  prove  the  determining  factor  in  working  out 
a  rational  and  economical  design  of  slabs  for  this  purpose.  Concrete  roads 
have  presented  many  new  engineering  problems,  one  of  which  is  the  design 
of  a  comparatively  thin  slab  to  carry  heavy  rolling  loads.  Critical  tensile 
stresses  may  occur  in  any  direction,  in  either  the  top  or  bottom  surface; 
the  span  length  is  uncertain  on  account  of  the  indeterminate  nature  of  the 
support.^  To  provide  adequate  steel  reinforcement  would  involve  a 
prohibitive  expense,  consequently  engineers  have  come  to  realize  that 
primary  dependence  miist  be  placed  on  the  ability  of  the  plain  concrete 
to  develop  the  flexural  strength  necessary  for  a  proper  distribution  of  the 
load  over  the  subgrade.  The  exact  thickness  of  slab  necessary  for  this 
purpose  cannot  now  be  fixed  by  mathematical  analysis,  but  must  be  deter- 
mined as  a  result  of  experience.  Considerable  advance  toward  a  rational 
design  of  road  slabs  may  be  expected  to  result  from  the  studies  of  subgrade 
soils,  the  effect  of  moisture  and  temperature  on  the  slab  and  the  effect  of 
impact  that  are  now  being  carried  out  by  the  U.  S.  Bureau  of  Public  Roads 
and  a  number  of  the  state  highway  departments. 

Flexural  tests  'of  mortar  and  concrete  have  been  reported  by  Feret,^ 
Fuller  and  Thompson,'  Sabin^  and  others,  but  it  seemed  desirable  to 
review  the  subject  in  the  light  of  recent  developments  which  have  led 
to  a  better  understanding  of  the  factors  which  enter  into  the  scientific 
design  of  concrete  mixtures,  and  a  better  appreciation  of  the  necessity  for 
exact  control  of  the  concrete  in  carrying  out  studies  of  this  kind. 


♦Professor  in  Charge,  Structural  Materials  Research  Laboratory,  Lewis  In- 
stitute, Chicago. 

'Subgrade  Support  and  Pavement  Design,  by  Clifford  Older,  Eiig.  News- 
Rec,  V.  86,  p.  210,  Feb.  3,  1921. 

^Etude  Experimcntale  du  Ciment  Arme,  by  R.  Feret ;  p.  576,  1906.  (See 
Fig.  13  below.) 

"Laws  of  Proportioning  Concrete,  by  Fuller  and  Thompson  ;  Trans.  Am. 
Soc.  Civil  Eng.,  v.  50,  p.  67,  1907.      (See  Fig.  12  below.) 

'Cement  and  Concrete,  by  L.  C.  Subin,  1907. 
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The  tensile  resistance  is  the  limiting  factor  in  flexural  tests  of  plain 
concrete,  yet  a  careful  distinction  must  be  made  between  tension  and 
flexural  stresses.  Flexural  stress  here  refers  to  the  type  of  stress  developed 
by  beam  action.  Due  to  the  curvilinear  relation  between  deformation  and 
stress  in  concrete'  and  other  non-homogeneous  materials,  the  tensile 
stress  developed  in  flexure,  when  computed  by  the  usual  methods,  far 
exceeds  the  resistance  of  the  material  in  pure  tension.  The  computed  unit 
tensile  strength  at  which  failure  occurs  is  termed  the  "Modulus  of  Rup- 
ture" of  the  material.  (^  Tests  by  Mills"  showed  that  tensile  strength  of 
concrete  is  probably  not  more  than  8  to  10%  of  its  compressive  strength  in 
6-in.  cubes,  whereas  the  tests  in  this  report  show  the  modulus  of  rupture 
to  be  20%  or  more  of  the  compressive  strength.l  Pure  tension  tests  of 
concrete  are  difficult  to  make  and  may  give  misleading  results  on  account 
of  non-uniform  distribution  of  stress  across  the  section. 

\yhile  it  is  sound  practice  to  disregard  the  flexural  resistance  of  the 
concrete  in  reinforced  concrete  members,  it  should  be  noted  that  load  tests 
on  bridges'  and  buildings^  have  shown  the  concrete  to  contribute  in  a 
marked  degree  to  increasing  the  load-carrying  capacity  of  the   structure. 

The  tests  covered  by  this  report  were  made  as  a  part  of  a  general 
investigation  of  concrete  and  concrete  materials  being  carried  out  through 
thd  cooperation  of  Lewis  Institute  and  the  Portland  Cement  Association, 
at  the  Structural  Materials  Research  Laboratory,  Chicago, 

The  discussion  of  these  tests  is  followed  by  a  brief  review  of  the  rela- 
tion of  modulus  of  rupture  to  compressive  strength  of  a  number  of  other 
materials  of  construction. 

Scope"  of  Tests.  • 

750  concrete  beams -were  tested  by  loads  applied  at  the  i/^  points  of  a 
36-in.  span.  In  general,  the  beams  were  of  plain  concrete  10  in.  wide,  7  in. 
deep.  In  one  group  of  tests  the  depth  of  the  beam  was  varied  from  4  to 
10  in.;  in  another  group  1  to  8%-in.  round  reinforcing  bars  were  used. 
In  general  the  aggregates  consisted  of  sand  and  pebbles;  in  one  group 
of  tests  other  types  of  coarse  aggregates  were  used.  Most  tests  were  made 
at  28  days;  in  certain  groups  tests  were  made  at  ages  of  7  days  to  1  year. 


^Modulus  of  Elasticity  of  Concrete,  by  Stanton  Walker.  Proc.  Am.  Soc. 
Testing  Mat.,  1919,  Part  II. 

"Materials  of  Construction,  by  A.  P.  Mills,  1915,  p.  192.  (In  stating 
these  percentages  certain  allowance  has  been  made  for  discrepancy  in  ages  of 
specimens  tested  by  Mills.) 

'Test  of  a  40-ft.  Reinforced  Concrete  -Highway  Bridge,  by  Duff  A.  Abrams. 
Proc.  Am.   Soc.  Testing  Mat..  1913,  p.  884. 

^Moments  and  Stresses  in  Slabs,  by  Westegaard  and  Slater,  Proc.  Am. 
Concrete  Inst.,  1921,  p.  415,  see  bibliography,  p.  533. 
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The  following  topics  were  studied  in  this  series: — 

1.  Position  of  beam  during  test, 

2.  Quantity  of  cement, 

3.  Quantity  of  mixing  water, 

4.  Size  of  aggregate, 

5.  Grading  of  aggregate, 

6.  Curing  condition  of  concrete, 
"7.  Depth  of  beam, 

8.  Kind  of  aggregate, 

9.  Age  of  concrete, 

10.  Eelation  between   flexural   and   compressive   strength, 

11.  Relation  between  strength  and  water-ratio  of  concrete, 

12.  Number  of  steel  reinforcing  bars, 

13.  Uniformity  of  tests. 

3ez ; 
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FIG.    1. METHOD   OF   LOADING    CONCRETE   BEAMS. 

An  important  feature  of  the  report  is  the  comparisons  between  flexural 
and  compressive  strength  of  concrete  from  the  same  batches.  750  tests  of 
G  x  12-in,  cylinders  are  included. 

Materi^vls. 

The  cement  consisted  of  a  mixture  of  equal  parts  of  4  brands  of  port- 
land  cement  purchased  in  Chicago;  complete  data  of  tests  are  given  in 
Table  I. 

Sand  from  Janesville,  Wis.,  and  pebbles  from  Elgin,  111.,  were  used 
in  most  of  the  tests.  In  one  group  crushed  stone  and  slag  were  used  as 
coarse  aggregate.  Sieve  aiuilyses  and  miscellaneous  data  concerning  the 
aggregates  will  be  found  in  Table  II.  The  sieves  used  were  of  square  mesh 
wire  cloth  recommended  by  the  American  Society  for  Testing  Materials." 


'Tentative   Method    of   Tost    fur    Siuve   Analysis   of   Aggrogate   for   Concrete, 
Proc.  A.  S.  T.  M.,  lOlil. 
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The  sieve  analysis  curves  for  aggregates  (Fig.  2)  are  platted  in  terms 
of  the  percentages  coarser  than  each  of  the  sieves  in  the  set,  using  as 
abscissae  the  logarithms  of  the  clear  openings  in  inches.  Since  the  clear 
opening  of  each  sieve  is  just  double  the  width  of  the  next  smaller  sieve, 
the  logarithmic  scale  consists  simply  of  a  series  of  equi-distant  ordinates. 
Special  paper  is  not  required  for  a  logarithmic  scale  for  this  purpose. 
The  fineness  modulus^"  of  the  aggregate  is  a  useful  measure  of  its  size 
^nd  grading ;  it  is  the  sum  of  the^percentages  in  the  sieve  analysis  expressed 
as   above,   divided   by    100.     Graphically   it    is   proportional    to  the   area 

Table  I. — Tests  of  Poetland  Cement. 

The  cement  used  in  all  tests  consisted  of  a  mixture  of  equal  parts  of  four  brands  purchased  in  Chicago. 
Tests  were  made  in  accordance  with  Standard  Specifications  and  Tests  for  Portland  Cement  of  American 
Society  for  Testing  Materials. 

Miscellaneous  Tests. 


Fineness, 

Residue 

on  No.  200 

Sieve. 

Normal 
Consistency, 

per  cent 
by  weight. 

Time  of  Setting. 

Soundness 
Test  (over 

Cement 
Lot 

Vicat  Needle. 

Gillmore  Needle. 

No. 

Initial. 

Final. 

Initial. 

Final. 

boiUng 
water). 

h.   m. 

h.  m. 

h.   m. 

h.   m. 

5219 
5259 

18.8 
17.6 

24.0 
23.0 

3    40 
3    45 

8    20 
8    00 

5  45 

6  30 

9    40 
8    30 

OK 
OK 

Mortar  Strength  Tests. 
1 :  3  Standard  Sand  Mortar. 
Values  for  strength  are  given  in  pounds  per  square  inch. 


Cement 
Lot 

Mixing 

Water 

per  cent. 

Tensile  Strength  of 
Briquets. 

Compressive  Strength  of 
2  X  4-in.  Cylinders. 

No. 

7d. 

28  d. 

3  m. 

6  m. 

ly. 

7d. 

28  d. 

3  m. 

6  m. 

ly. 

5219 
5259 

10.5 
10.3 

235 
280 

365 
430 

425 
410 

380 

385 

405 
355 

1670 
1720 

2570 
2870 

3520 
3710 

4250 
4150 

3840 
4370 

under  the  sieve  analysis  curves  in  Fig.  2.  A  well-graded  concrete  sand 
has  a  fineness  modulus  of  2.25  to  3.25;  ^a  coarse  aggregate  graded 
No.  4  to  1%  in.  has  a  value  of  about  7.00.  . 


Test  Pieces. 

In  general  flexural  tests  were  made  on  plain  concrete  beams  10  in. 
wide,  7  in.  deep  and  38  in.  long.  In  one  group  of  tests  the  depth  was 
varied  from  4  to  10  in.  In  another  group  one  to  eight  %-in.  round  bars 
were  used  as  reinforcement.  Parallel  compression  tests  were  made  on 
6  X  12-in.  cylinders  from  the  same  batches. 


^^For  further  details  see  "Design  of  Concrete  Mixtures,"  by  Duff  A. 
Abrams,  Bull.  1,  Structural  Materials  Research  Laboratory,  Lewis  Institute, 
Chicago. 
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The  quantities  of  aggregate  required  for  each  batch  were  determined 
by  weight  on  the  basis  of  the  unit  weight  of  the  aggregates  mixed  as  used. 
The  .quantity  of  water  for  a  batch  was  measured  by  means  of  a  calibrated 
tank.     All  mixtures  were  by  volume;  that  is,  one  volume  of  cement  to  a 


I 
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S/'ze  ofSt^i/ors  Opening  ~  /'nchea        C/og-  sca/ei) 
/OO        SO  JO.  /e  S  ^         % /'n.     -^ /'n.     A>i/o. 

FIG.   2. SIEVE   ANALYSIS    CURVES   OF   AGGKEGATES   USED   IN   TESTS. 

Details  are  given  in  Table  II. 


given  number  of  volumes  of  aggregate  were  mixed  together.  The  mixtures 
are  expressed  as  1:6,  1:4,  etc.  regardless  of  the  size  or  grading  of  the 
aggregate.  One  sack  of  cement  (94  lb.)  was  considered  1  cu.  ft.  The 
consistency   or   workability   of   the   concrete   was   measured   by   the  "flow 
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table" ".  Concrete  with  relative  consistency  1.00  gave  a  flow  of  "about 
180;  other  relative  consistencies  were  based  on  proportional  quantities  of 
mixing  water.  A  relative  consistency  of  1.10  gave  a  flow  of  about  220. 
The  concrete  was  mixed  in  a  Smith  "Mascot"  mixer  of  3^  cu.  ft. 
.  capacity.  Sufficient  concrete  was  mixed  to  make  2  beams  and  2  cylinders. 
Each  batch  was  mixed  1  minute  after  all  materials  were  in  the  machine. 


Table  II. — Sieve  Analysis  and  Unit  Weight  of  Aggregates. 

Square  mesh  wire  cloth  sieves  manufactured  by  The  W.  S.  Tyler  Co.,  Cleveland,  0.,  were  used  in  making 
sieve  analyses.    Each  sieve  has  a  clear  opening  twice  the  width  of  the  preceding. 
Sieve  analysis  curves  are  platted  in  Fig.  2. 


Aggregate. 

Sieve  Analysis. 

Fineness 

Unit 

Ref. 

Amount  Retained 

on  Each  Sieve, 

Modulus 

of 
Aggre- 
gate.* 

Weight. 

No. 

Kind. 

Size. 

per  cent  by  Weight. 

lb.  per 
cu.  ft. 

100 

50 

30 

16 

8 

4' 

Vs 

Vi 

IVi 

■    36 

>  Janesville  sand .  .. .  \ 

O-No.16 

97 

78 

20 

0 

1.95 

108 

37 

0-No.  8 

98 

80 

28 

11 

0 

2.17 

111 

38 

J                                    I 

0-No.  4 

98 

82 

35 

19 

9 

'2 

0 

2.45 

113 

39 

^                                   r 

0-J^  in. 

99 

90 

63 

54 

49 

45 

0 

4.00 

123 

40 

0-^in. 

99 

93 

75 

69 

64 

61 

39 

0 

5.00 

128 

1-28,41 

0-13^in. 

99 

95 

80 

76 

74 

71 

52 

18 

0 

5.65 

130 

29 

Janesville  sand  and 

0-1^  in. 

98 

84 

43 

30 

20 

14 

8 

3 

0 

3.00 

118 

30 

Elgin  pebbles .  . .  ■ 

0-lJ4in. 

99 

88 

57 

46 

41 

35 

25 

9 

0 

4.00 

127 

31 

0-13^in. 

99 

90 

64 

56 

51 

46 

33 

11 

0 

4.50 

131 

32 

0-l}^in. 

99 

92 

71 

65 

61 

57 

41 

14 

0 

5  00 

132 

33 

O-VAin. 

99 

93 

75 

70 

66 

62 

45 

15 

0 

5.25 

133 

34 

0-li^in. 

100 

96 

86 

83 

80 

78 

58 

19 

0 

6.00 

127 

35 

I 

0-13^  in. 

100 

97 

89 

86 

85 

84 

63 

21 

0 

6.25 

124 

42-53 

Janesville    sand    and 

Elgin  pebbles 

0-l>2in. 

99 

95 

80 

76 

74 

71 

52 

18 

0 

5.65 

130 

54 

Janesville    sand     and 

crushed  slag 

0-lJ^in. 

99 

95 

80 

76 

74 

71 

52 

18 

0 

5.65 

118 

55 

Janesville    sand    and 

crushed  limestone. . 

0-l>^in. 

99 

95 

80 

76 

74 

71 

52 

18 

0 

5.65 

129 

66 

Janesville    sand    and 

crushed  granite 

O-lJiin. 

99 

95 

80 

76 

74 

71 

52 

18 

0 

5.65 

121 

57 

Washed     Elgin     sand 

and  Elgin  pebbles. . . 

0-1}-^  in. 

99 

95 

86 

80 

72 

67 

49 

17 

0 

5.65 

127 

58 

Unwashed  Elgin  sand 

and  Elgin  pebbles. . . 

O-lJ-^in. 

100 

98 

91 

86 

81 

73 

50 

18 

0 

5.97 

130 

59-64 

Janesville    sand     and 

Elgin  pebbles 

0-l}^in. 

99 

95 

80 

75 

74 

71 

52 

18 

0 

5.65 

130 

■  Sum  of  per  cents  in  sieve  analysis,  divided  by  100. 


Twin  beams  were  tested  in  different  positions,  at  different  ages,  or  after 
storage  under  different  conditions,  etc. 

The  wood  forms  for  the  concrete  beams  were  set  on  a  sheet  of  build- 
ing paper  to  prevent  bonding  with  the  concrete  floor.  The  forms  were 
thoroughly  painted  before  using  and  were  kept  oiled  in  order  to  prevent 
absorption  of  water.     The  concrete  was  placed  in  two  layers,  each  layer 


"Time  of  Set  of  Concrete,  by  Watson  Davis  ;  Proc.  Am.   Soc.  Testing  Mat., 
1921,  p.  995. 


26 


Flexural  Strength  of  Plain  Concrete. 


being  puddled'  with  a  %-in.  steel  bar  pointed  at  the  lower  end.  After  the 
forms  were  filled,  the  concrete  was  leveled  off  with  a  trowel  and  finished 
with  a  wood  float.  The  beams  remained  in  the  form  over  night,  being 
covered  with  damp  burlap  sacks.  After  removal  of  the  forms  the  beams 
Avere  stacked  compactly  on  end  and  kept  covered  with  damp  burlap  sacks 
until  28  days  old.  Beams  for  test  at  3  months  and  1  year  were  placed 
in  the  moist  room  at  the  age  of  28  days.  Tn  one  group  of  tests  the  speci- 
mens were  stored  in  a  damp  condition  for  different  periods,  followed  by 
periods  of  dry  air  storage. 

The  concrete  cylinders  were  molded  from  the  same  batch  from  which 
beams  were  made.     Metal  forms  made  of  cold-drawn  steel  tubing  were  used. 


rooo 

300 


0OO 

300 


300 

Zoo 


Effect  of  QLonf/'fi/  of  Cemenf 
0-/J^/'n.  sane/  and  fx^bb/e  oggn^ffo-fe 
fPe/a'^/ye    con3/s^enc-a    -/. /o 
Age  a/  fssr'-        S3  c/aya 


/b  eo  e<5  ■  3o  53^ 

Csmen/,  psrcenf  of  yo/c/me  of  concrei's ' 

UG.    3. EFFECT   OF    QUANTITY   OF    CEMENT    ON    TRANSVEESE   AND    COMPRESSIVE 

STRENGTH  OF  CONCRETE. 

Data  from  Table  III. 

Plain  concrete  beams  10  in.  wide,  7  in.  deep,  loaded  at  ^  points  of  36-in. 
span  :  compression  tests  of  6  by  12-in.  cylinders. 

Each  point  is  based  on  20  tests  made  on  10  different  days. 

Beams  stored  under  damp  burlap  ;  cylinders  in   moist  room. 


Each  form  stood  on  a  machined  cast-iron  base  plate.  The  concrete  was 
puddled  in  the  forms  in  3  layers,  using  a  %-in.  round  bar  pointed  at  the 
lower  end,  The  forms  remained  in  place  over  night.  After  the  removal  of 
the  fortas  the  specimens  were  stored  in  a  moist  room  with  the  humidity 
near  the  saturation  point  and  a  temperature  of  about  65  to  70° F.  In 
making  the  concrete  specimens  we  followed  the  methods  of  the  American 
Society  for  Testing  Materials. '- 

The  five  or  more  specimens   included   in  averaging   the  results   for   a 
given   set  of  tests  were  made  on   different  days.     One  complete  round  of 


'"Tentative  MellKids  for  Milking  ('onipresHion  Tests  of  Concrete;   Proc.  A.  S. 
M.,   1921,  p.  57!). 
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specimens  was  made  before  begimiing  tlie  second  round.  This  served  to 
distribute  accidental  variations  of  materials,  manipulation  or  test  condi- 
tions.    Any  value  in  the  series  can  be  compared  directly  with  any  other. 

Methods  of  Testing. 

Both  beam  and  cylinder  tests  were  made  in  a  200,000-lb.  Olsen  univer- 
sal testing  machine.  The  beams  were  loaded  at  the  one-third  points  of 
a  3  6 -in.  span.  They  were  supported  and  loaded  in  such  a  manner  as  to 
prevent  restraint.  One  end  rested  on  a  roller  and  the  other  on  a  spherical 
bearing  block.  The  load  was  transmitted  to  the  beam'  through  leather 
cushions  which  prevented  concentration  of  the  load  due  to  minor  irregu- 
larities in  the  surfaces.     The  method  of  loading  is  shown  in  Fig.  1, 

Both  beams  and  cylinders  were  tested  in  a  damp  condition  immediately 
after  removal  from  storage,  except  in  the  case  of  the  group  in  which  com- 
bined moist  and  dry  storage  was  used. 

Test  Data. 

Complete  data  of  the  tests  are  given  in  Tables  III  to  VIII  and  in 
Fig.  3  to  11.  Only  averages  are  reported;  in"-most  instances  the  values 
are  the  average  of  5  tests  made  on  different  days. 

Discussion  of  Tests. 

The  flexural  strength  of  concrete  beams  is  measured  by  the  modulus 
of  rupture.  The  modulus  of  rupture  may  be  defined  as  the  tensile  stress 
developed  by  beam  action,  assuming  that  the  stress  and  deformation  are 
directly  proprotional  to  the  distance  from  the  neutral  axis  of  the  beam. 
The  modulus  of  rujjture  of  a  rectangular  beam  freely  supported  at  the 
ends  and  loaded  at  the  one-third  points  of  the  span  is  determined  by  the 
following  relation: 

WL 
li=-- • (1) 

bd= 

Where  R  =  Modulus  of  rupture  of  the  material, 

W  =z  Total  load  applied  at  one-third  points, 
L  =^  Span  length, 
b  :=  Breadth  of  beam, 
d  =  Depth  of  beam. 

In  case  of  most  of  the  beams  used  in  this  investigation  (width  10  in., 
depth  7  in.,  span  36  in.,  load  applied  at  one-third  points)  the  modulus  of 
rupture  is  given  by  the  relation : 

R  =  0.073W (2) 

Where  R  is  expressed  in  pounds  per  square  inch  and  W  in  pounds. 
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In  the  reinforced-concrete  beams  (Table  VIII)  the  modulus  of  ruj>ture 
was  calciilated  in  the  same  way,  that  is,  the  presence  of  steel  was 
disregarded. 

It  will  be  noted  that  tests  on  both  beams  and  cylinders  of  1 :  4  mix, 
aggregate  graded  0  to  II/2  in.,  relative  consistency  1.10,  stored  in  the  moist 
room  and  tested  in  damp  condition  at  age  of  28  days  appear  in  practically 
all  tables  and  figures.  This  was  considered  a  typical  mix  for  concrete 
roads.  These  conditions  gave  a  modulus  of  rupture  of  550  lb.  per  sq.  in.» 
and  a  compressive  strength  of  2580  lb.  per  sq.  in.  These  values  are  based 
on  25  beam  tests  and  115  cylinder  tests,  made  throughout  the  series.  It 
is  interesting  to  note  how  this  group  of  tests  falls  into  each  of  the  classi- 
fications into  which  the  data  have  been  divided. 

With  few  exceptions  the  beams  failed  by  nearly  vertical  cracks  between 
the  load  points. 

Effect  of  Position  of  Beam  During  Test.  In  general  the  beams  were 
loaded  as  molded;  that  is,  with  the  bottom  of  the  beam  in  tension.  It 
seemed  important  to  determine  whether  the  position  of  the  beam  exerted 
any  influence  on  its  flexural  strength.  In  one  group  of  tests  the  beams 
were  tested  with  the  bottpm  in  tension  and  with  bottom  in  compression. 
Results  of  these  tests  are  given  in  Table  III.  In  the  first  group  the  mixture 
varied  from  1 :  6  to  1:2;  in  the  second  group  the  mixture  was  1 :  4  by 
volume,  but  the  consistency  varied  from  relative  consistency  0.90  to  1.50. 
Aggregates  in  all  cases  consisted  of  a  mixture  of  sand  and  pebbles  graded 
up  to  li/^  in.  Both  groups  of  tests  show  that  there  is  little  or  no  difference 
in  the  flexural  strength  of  the  beam  due  to  the  position  of  the  load;  the 
only  exception  to  this  statement  is  found  in  the  wetter  mixtures  which 
gave  a  higher  modulus  of  rupture  with  the  top  in  tension. 

Effect  of  Quantity  of  Cement.  The  tests  in  Table  III  also  give  informa- 
tion on  the  effect  of  quantity  of  cement  on  the  flexural  strength  of  con- 
crete. .  The  mixture  varied  from  1 :  6  to  1:2.  Each  point  on  the  modulus 
of  rupture  curve  in  Fig.  3  is  based  on  the  average  of  tests  of  20  beams 
(10  with  top  as  molded  in  tension  and  10  with  bottom  in  tension).  In- 
creasing the  quantity  of  cement  increased  both  the  flexural  and  the  com- 
pressive strength  of  the  concrete;  however,  the  modulus  of  rupture  was 
less  affected  by  the  quantity  of  cement  than  the  compressive  strength. 
The  modulus  of  rupture  was  relatively  lower  for  the  rich  mixtures  than 
for  the  lean,  as  compared  with  the  compressive  strength  of  6  by  12-in. 
cylinders  from  the  same  concrete.  The  modulus  of  rupture  for  the  richer 
mixes  (1:2  and  1:  2i{.)  was  about  14%  of  the  compressive  strength;  for 
the  leaner  mixtures  (1:6  and  1:5)  about  23%  of  the  compressive 
strength;  for  a  1 :  4  mix  (about  the  same  as  the  1 :  I14 :  3  or  1 :  2:  3  mixes 
usually  specified  for  concrete  roads)  the  modulus  of  rupture  was  about 
21%  of  tlie  compressive  strength  of  6  x  12-in.  cylinders.  For  the  usual 
range  of  mixtures   ( 1 :  4  to  1:5)   the  ratio  was  about  23%. 
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FIG.    4. — KI<"FECT   OF    QUANTITY   OF   MIXING    WATER. 

Data  from  Table  III. 

Each  point  is  based   on   20   tests   of  each  kind,   made  on   10  different  days. 


Table  III. — Effect  of  Quantity  of  Cement  and  Mixing  Water. 

Aggregate:  sand  from  Janesville,  Wis.,  and  pebbles  from  Elgin,  111.;  graded  up  to  Vyi  in.  Fineness 
modulus,  5.65. 

Age  at  test,  28  days. 

Specimens  tested  damp. 

Each  value  for  modulus  of  rupture  is  the  average  of  10  tests,  and  for  compressive  strength  20  tests,  made 
on  10  different  days. 


Ref. 

No. 


Mix 

by 

Volume. 


Cement, 
per  cent 
of  Vol- 
ume of 
Con- 
crete. 


Relative 

Con- 
sistency. 


Water- 
Ratio 

of 
Con- 
crete. 


Modulus  of  Rupture 

of  Beams, 

lb.  per  sq.  in. 


Bottom*     Top.*     Aver. 


Compressive 
Strength  of 

6  X  12-in. 

Cylinders, 
lb.  per  sq.  in. 


Modulus  of 

Rupture, 

per  cent  of 

Compression. 


Effect  op  Quantity  op  Cement.    (See  Fig.  3.) 


1,  2 

1  -.6 

16.4 

1.10 

1.03 

430 

420 

425 

1820 

23.4 

3,4 

5 

19.0 

1.10 

0.92 

600 

490 

495 

2140 

23.1 

5,6 

4^ 

20.7 

1.10 

0.87 

480 

510 

495 

2130 

23.2 

7,8 

4 

23.0 

1.10 

0.82 

560 

540 

550 1 

2580t 

21.3 

9,10 

W, 

25.4 

1.10., 

0.76 

590 

540 

565 

2980 

19.0 

11,12.... 

3 

28.7 

1.10 

0.71 

600 

590 

595 

3480 

17.1 

13,  14.... 

2^ 

33.0 

1.10 

0.64 

590 

590 

590 

4110 

14.3 

15,  16.... 

2 

38.7 

1.10 

0.59 

660 

620 

640 

4390 

14.6 

Average 

550 

540 

545 

2950 

19.5 

Effect 

OP  Quantity  op 

Mixing  Water.  (See  Fig.  4.) 

17,  18.... 

1:4 

23.8 

0.90 

0.68 

590 

560 

575 

3760 

15.3 

19,20.... 

4 

23.5 

0.95 

0.72 

580 

600 

590 

3280 

18.0 

21,22.... 

4 

23.4 

1.00 

0.75 

580 

560 

570 

3100 

18.4 

23,24.... 

4 

23.2 

1.05 

0.78 

570 

550 

560 

2720 

20.6 

7,8 

4 

23.0 

1.10 

0.82 

560 

540 

550 1 

25801 

21.3 

25,  26. . . . 

4 

22.5 

1.25 

0.92 

460 

540 

500 

1920 

26.0 

27,28.... 

4  • 

22.3 

1.50 

1.08 

400 

500 

450 

1300 

34.6 

Average 

535 

550 

540 

2660 

22.0 

•  Part  of  concrete  beam  (as  molded)  which  was  exposed  to  tensile  stress  during  loading. 

t  Average  of  25  beam  tests  and  115  cylinder  tests;  the  same  values  are  used  in  Tables  IV  to  VIII. 
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Effect  of  Quantity  of  Mixing  Water  is  shown  in  Table  III  and  Fig.  4. 
Tests  were  made  on  1 :  4  mix  at  age  of  28  days.  The  quantity  of  mixing 
water  is  expressed  in  terms  of  relative  consistency  and  the  water-ratio  of 
the  concrete.  Consistency  LOO  is  such  as  to  give  a  flow  of  180.  A  rela- 
tive consistency  of  0.90  is  about  as  dry  a  mix  as  can  be  considered  plastic 
with  this  method  of  molding  specimens;  a  consistency  of  1.50  is  quite  wet 
and  shows  considerable  free  water  on  top  of  the  concrete.  Both  the 
modulus  of  rupture  and  compressive  strength  were  reduced  by  increasing 


(SOOO 


/.so        ^.OO         2. so        ~3.00        J.SO      -^.OO 


S.OO        S~50      ta.OO 


/^/rreness  Moc/u/uS    of   /^g^ns^oZ-is 

•V 
FIG.   5. — EFFF-CT   OF   SIZE  OF   AGGREGATE. 

Data  from  Table  IV. 

Janesville   sand    and    Elgin    pebbles ;    see   Table   II   for   sieve  analysis. 

Each   point   is   based  on   5   tests   of   each   Ivind  made   on   different   days. 


the  quantity  of  mixing  water.  However,  the  modulus  of  rupture  was  less 
affected  than  the  compressive  strength.  For  the  drier  mixtures  the 
modulus  of  rupture  was  15%  of  the  compressive  strength;  for  the  wetter 
mixtures  about  35%.  While  the  flexural  strength  of  the  wetter  mixtures 
is  relatively  higher  than  for  the  drier  ones,  it  should  be  noted  that  the 
modulus  of  rupture  of  consistency  1.50  is  450,  while  the  values  for  con- 
sistencies 0.95  to  1.10  averaged  about  570  lb.  per  sq.  in. — an  increase  of 
20%.     The  latter  consistencies  represent  those  which   should  be  aimed  at 
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in  concrete  road  construction.  These  tests  confirm  otlier  tests  made  in 
this  Laboratory  and  elsewhere  in  showing  the  importance  of  restricting 
tlie  quantity  of  mixing  water  used  in  concrete. 

Effect  of  Size  of  Aggregate  is  shown  in  Table  IV  and  Fig.  5.     Tests 
were  made  on  1 :  4  mixtures,  using  aggregates  varying  in  size  from  16-mesh 


Table  IV. — Effect  of  Size  and  Grading  of  Aggregates. 

Aggregates:  sand  from  Janesville,  Wis.,  and  pebbles  from  Elgin,  111.  Aggregates  of  different  size  were 
obtained  by  separating  sand  and  pebbles  into  various  sizes  and  recombining  as  shown  by  sieve  analyses  in 
Table  II  and  Fig.  1.  Different  gradings  of  aggregates  were  produced  by  mixing  sand  (0  to  No.  4)  and 
pebbles  (No.  i  to  1J4  in-)  in  different  proportions. 

Mix,  1  :  4  by  volume.    Relative  consistency,  1.10. 

Specimens  tested  damp. 

Each  value  is  the  average  of  5  tests  made  on  different  days. 


Aggregate. 

Water- 
Ratio 

of 
Con- 
crete. 

Modulus  of  Rupt 
of  Beams, 

ure 

Compressive  Strength 
6  X  12-in.  Cylinder, 

Modulus  of  Rupture, 
per  cent  of 

Ref. 

No 

Siae. 

Fineness 
Mod- 
ulus. 

lb.  per  sq.  in. 

lb.  per  sq.  in. 

Compression. 

7d. 

28  d. 

3  m. 

ly- 

7d. 

28  d. 

3  m. 

ly. 

7d. 

28  d. 

3  m. 

ly. 

Effect  of 

Size  of  Aggregate.    (See  Fig.  5.) 

3fi 

0-1 R 

1  95 

1.29 

95 

IfiO 

255 

340 

270 

620 

1190 

IfiOO 

35.2 

25.8 

21.5 

21.2 

37 

0-8 

2.17 

1.25 

95 

195 

320 

370 

360 

850 

1470 

1860 

26.4 

23.0 

21.8 

19  9 

.38 

0-4 

2.45 

1.20 

125 

250 

370 

425 

430 

1010 

1620 

2100 

29.4 

24.8 

22.8 

20  2 

39 

0-V, 

4.00 

0.98 

290 

4,55 

595 

640 

1040 

2110 

2930 

4490 

27.9 

21.6 

20.3 

14.3 

40 

0-S^ 

5.00 

0.87 

365 

560 

730 

775 

1290 

2650 

3650 

4890 

28.3 

21.2 

20.0 

15.9 

41 

O-lVi 

5.65 

0.82 

420 

550* 

810 

880 

1410 

2580 

3590 

5000 

29.8 

21.3 

22.6 

17.6 

Aver. 

230 

360 

510 

570 

800 

1640 

2410 

3320 

29.5 

22,9 

21.5 

18.2 

Effect  of  GE.4.DrNQ  op  AgQBeqath.    (See  Fig.  6.) 


29 

0-m 

3.00 

1.11 

165 

255 

410 

450 

620 

1290 

1640 

2330 

26.6 

19.8 

25.0 

19  3 

30 

0-1 H 

4.00 

0.98 

230 

390 

,505 

570 

950 

2000 

2550 

3230 

24.2 

19.5 

19.8 

17  7 

31 

0-m 

4.50 

0.93 

285 

485 

610 

645 

1090 

2190 

2750 

3830 

26.2 

22  2 

22.2 

16  9 

32 

0-1 '/9 

5.00 

0.87 

325 

505 

660 

710 

1160 

2410 

3580 

4510 

28.0 

21.0 

18.4 

15  8 

33 

0-1  i4 

5.25 

0.85 

365 

555 

735 

820 

1320 

2940 

3810 

5340 

27.7 

18.9 

19.3 

15.4 

41 

o-m 

5.65 

0.82 

420 

550* 

810 

880 

1410 

2580* 

3596 

5000 

29.8 

21.3 

22.6 

17  6 

34 

0-lH 

6.00 

0.78 

405 

600 

735 

825 

1300 

2250 

3310 

4400 

31.2 

26.7 

22.2 

18  8 

35 

0-11/2 

6.25 

0.77 

385 

590 

730 

865 

1140 

1990 

2840 

4080 

33.8 

29.6 

25.7 

21.2 

Aver. 

320 

490 

650 

720 

1120 

2210 

3010 

4090 

28.4 

22.4 

21.9 

17.8 

'  Average  of  25  beam  tests  and  115  cylinder  tests;  same  values  used  in  Tables  III,  V,  VI,  VII  and  VIII 


sand  to  a  concrete  aggregate  graded  up  to  1%  in.  The  "effective  grading" 
of  the  aggregate  is  measured  by  the  fineness  modulus.  Tests  were  made 
at  ages  of  7  days,  28  days,  3  months  and  1  year.  With  tlie  same  quantity 
of  cement,  the  modulus  of  rt>pture  and  the  compressive  strength  of  the 
concrete  increased  rapidly  as  the  size  of  aggregate .  was  increased,  up 
to  a  point  where  the  aggregate  became  too  coarse  for  the  quantity  of 
cement.      The   rate   of   increase   of   strength   of   concrete   was    nearly   pro- 
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portiooal  to  the  change  in  fineness  modulus  of  the  aggregate.  The 
modulus  of  rupture  at  28  days  varied  from  160  to  560  lb.  per  sq.  in.; 
and  the  compressive  strength  from  620  to  2650  lb.  per  sq.  in.  Except  for 
the  16-mesh  sand  the  ratio  between  the  modulus  of  rupture  and  the  com- 
pressive strength  was  nearly  constant  for  a  given  age — 21  to  23%  at  28 
days.     In  other  words  the  transverse  and  the   compressive  strengths  are 
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FIG.  6.:;— EFFECT  OF  GRADING  OF  AGGKEGATE. 

Data  from  Table  IV. 

Aggregate  gradings  were  obtained  by  mixing  Janesville  sand  (0  to  No.  4) 
and  Elgin  pebbles  (4  to  li/^-in.)  in  different  proportions;  sieve  analysis  given 
in  Table  II. 

Each  point  is  based  on  fi  teS'ts  of     each  Itind  made  on  different  days. 


affected  in  a  similar  manner  by  differences  in  the  size  of  aggregate,  as 
shown  by  the  practically  parallel  curves  for  a  given  age  in  Fig.  5, 

Effect  of  Grading  of  Aggregate  is  shown  in  Table  IV  and  Fig.  G.  Tests 
were  made  on  a  1 :  4  mix  at  ages  of  7  days*  28  days,  3  months  and  1  year. 
The  aggregates  of  different  grading  used  iji  these  tests  were  produced 
by  mixing  different  proportions  of  sand  (0  to  No.  4)  and  pebbles  (No.  4  to 
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1%  in.).  The  finest  grading  consisted  of  86%  sand  and  14%  pebbles;  the 
coarsest  grading  consisted  of  14%  sand  and  86%  pebbles,  as  shown  by 
the  sieve  analyses  in  Table  I.  With  the  same  quantity  of  cement,  the 
modulus  of  rupture  and  the  compressive  strength  increased  rapidly  as  the 
grading  of  the  aggregate  was  made  coarser  (by  increasing  the  relative 
proportion  of  pebbles)  until  a  grading  was  reached  which  was  too  coarse 
for  the  quantity  of  cement.  The  flexural  and  compressive  strength  were 
affected  in  essentially  the  same  way  by  changes  in  grading  of  the  aggre- 
gate. The  rate  of  increase  of  strength  of  the  concrete  was  nearly  propor- 
tional to  the  increase  in  fineness  modulus  of  the  aggregate.  If  the  values 
ii!  Fig.  5  and  6  are  platted  on  the  same  diagram  it  will  be  found  that  they 
are  practically  coincident,  although  the  relation  between  the  strength  and 
fineness  modukis  of  the  aggregate  is  based  on  aggregate  gradings  made  up 
in  entirely  different  ways. 

Effect  of  Curing  Condition  of  Concrete;  mix  1 :  4  tested  at  the  age  ot 
28  days.  The  results  are  given  in  Table  V  and  Fig.  7.  The  curing  condi- 
tions ranged  from  28  days  under  damp  burlap  (moist  room  for  cylinders) 
to  28  days  in  air  of  the  Laboratory.  The  flexural  strength  and  the  com- 
pressive strength  were  affected  in  the  same  way,  as  shown  by  the  similarity 
of  the  curves  in  Fig.  7.  The  modulus  of  rupture  of  beams  cured  in  dry 
air  for  the  entire  period  of  28  days  was  370  lb.  per  sq.  in.;  cured  under 
damp  burlap  for  28  days  was  550  lb.  per  sq.  in.;  an  increase  of  48%. 
Curing  7  days  under  damp  burlap  and  21  days  in  dry  air  gave  470  lb. 
per  sq-.  in.;  an  increase  of  27%  over  the  dry  air  storage  for  28  days.  It 
will  be  recalled  that  the  specimens  which  were  cured  under  the  most 
unfavorable  conditions  were  prevented  from  drying  out  for  the  first  24  hr. ; 
had  they  been  allowed  to  dry  o«»t  from  the  beginning  the  modulus  of 
rupture  and  compressive  strength  would  have  been  still  lower.  These 
tests  show  the  great  advantage  of  damp  curing  on  both  the  flexural  and 
compressive  strengths  and  confirm  the  results  of  earlier  tests"  made  in 
this   Laboratory   and   elsewhere." 

Effect  of  Depth  of  Beam,  1 :  4  mix,  tested  at  28  days.  The  depth  of 
beam  varied  in  this  group  from  4  to  10  in.  Data  are  given  in  Table  VI 
and  Fig.  8.  The  curves  show  that  the  modulus  of  rupture  was  only  slightly 
affected  by  the  depth  of  the  beam  within  the  range  of  these  tests.  There 
is  an  indication  of  somewhat  lower  values  for  the  deeper  beams.  The  4-in. 
beams  gave  a  modulus  of  rupture  of  545  lb.  per  sq.  in.;  the  8  and  10-in. 
beams  averaged  525  lb.  per  sq.  in.  Flexural  tests  of  other  materials  have 
shown  that  wide  variations  in  ratio  of  depth  of  beam  to  span  produce 
important  variations  in  modulus  of  rupture;  in  general,  the  deeper  beams 
give  the  higher  values. 


"Effect  of  Curing  Condition  on  the  Wear  and  Strength  of  Concrete,  by 
Duff  A.  Abrams ;  Bull.  2,  Struc.  Mat.  Research  Lab. 

"Relation  between  Methods  of  Curing  Standard  Concrete  Test  Specimens 
and  Their  Compressive  Strength  at  28  days,  by  H.  W.  Green  ;  Proe.  Am.  Soc. 
Testing  Mat.,  1919,  Part  II,  p.  607. 
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Effect  of  Kind  of  Aggreciate.    Tests  were  made  on  1 :  4  mix  at  age  of 
7  days,  2S  days,  3  months  and  1  year,  using  the  following  aggregates: 

(1)      Janesville,  Wis.,  sand 

(a)  Elgin  pebbles    (limestone  origin) 

(b)  Crushed  blast  furnace  slag 

(c)  Crushed  limestone 

(d)  Crushed  granite   (Wisconsin) 
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FIG.  7. — EFFECT  OF  CURING  CONDITION  OF  CONCRETE. 

Data  from  Table  V. 

Each   point  is  based  on   5   tests  of  each   liind  made  on   different  days. 
Beams  cured  under  damp  burlap,  cylinders  in  moist  room,  for  periods  shown 
by  abscissae. 


Table  V. — Effect  of  Curing  Coistdition  op  Concrete. 

Mix,  1  :  4  by  volume.    Relative  consistency  of  concrete,  1.10;  water-ratio,  0.82. 

Age  at  test,  28  days. 

Aggregate:  sand  from  Janesville,  Wis.,  and  pebbles  from  Elgin,  111.;  graded  up  to  IJ^  in. 

Each  value  is  the  average  of  5  tests  made  on  different  days. 

Data  platted  in  Fig.  7. 


Ref. 

Storage. 

Modulus  of  Rupture 
of  Beams, 

Compressive  Strength  of 
6  X  12-in.  Cylinders, 

Modulus  of  Rupture^ 

No. 

per  cent  of 

Damp 

Dry 

lb.  per  sq.  in. 

lb.  per  sq.  in. 

Compression. 

Burlap. 

Air. 

7,8 

28  d. 

550* 

2580* 

21.3 

42 

26  d. 

2d. 

510 

2630 

19.4 

43 

21  d. 

7d. 

450 

2850 

15.7 

44 

14  d. 

14  d. 

485 

2920 

16.6 

45 

7d. 

21  d. 

470 

3020 

15.6 

46 

4d. 

24  d. 

410 

2330 

17.6 

47 

Od. 

28  d. 

370 

2340 

15.8 

Average  465 

2670 

17.5 

'  Average  of  25  beam  tests  and  1 15  cylinder  tests;  same  values  used  in  Tables  III,  IV,  VI,  VII,  and  VIII . 
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7  and  28-day  tests  only  were  made  on  the  following  aggregates : 

(2)  Elgin,  111.,  sand  (limestone  origin)  washed 
(a)   Elgin  pebbles. 

(3)  Elgin  sand — unwashed 

(a)   Elgin  pebbles. 
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FIG.    8. EFFECT  OF  DEPTH  OF   BEAM  ON   THE   TRANS\'EESE   STRENGTH  OF 

CONCKETE. 
Data  from  Table  VI. 

Plain  concrete  beams  4  to  10  in.  deep,  10  in.  wide,  loaded  at  Vz  points  of  a 
36-in.   span. 

Each   point  is   based   on   5   tests  of  each   kind   made   on  different  days. 


Table  VI. — Effect  of  Depth  of  Beam  on  the  Flextjeal  Strength 

OF  Concrete. 

Mis,  1  :  4  by  volume.    Relative  consistency  of  concrete,  1.10;  water-ratio,  0.82. 

Aggregate:  sand  from  Janesville,  Wis.,  and  pebbles  from  Elgin,  111.;  graded  up  to  1}^  in. 

Age  at  test,  28  days. 

Specimens  tested  damp. 

Each  value  is  the  average  of  5  tests  made  on  different  days. 

Data  platted  in  Fig.  8. 


Ref.  No. 

Depth 
of  Beam, 
inches. 

Modulus  of  Rupture 

of  Beams, 

lb.  per  sq.  in. 

Compressive  Strength  of 

6  X  12-in.  Cylinders, 

lb.  per  sq.  in. 

Modulus  of  Rupture, 

per  cent  of 

Compression. 

48 

4 
5 
6 
7 
8 
10 

545 

540 

490 

550* 

535 

510 

Average  530 

2580* 

21.2 

50 

20.9 

52 

19.0 

53 

21.3 

51 

20.8 

49 

19  8 

20.6 

•  Average  of  25  beam  tests  and  115  cylinder  tests;  same  values  used  in  Tables  III,  IV,  V,  VII  and  VIII. 

The  coarse  aggregate  (and  consequently  the  total  aggregate  in  each 
batch)  were  similarly  graded.  The  sieve  analyses  are  given  in  Table  11 
and  Fig.  2.  There  was  no  great  discrepancy  between  the  flexural  and 
compressive  strengths  given  by  the  pebbles,  slag  and  limestone;  the  granite 
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gave  somewhat  lower  values  both  in  flexure  and  compression.  The  reason 
for  this  probably  lies  in  the  low  absorption  of  the  granite.  The  absorption 
of  water  by  the  other  aggregate  resulted  in  a  lowering  of  the  water-ratio  of 
the  batch,  although  the  concrete  was  mixed  to  the  same  consistency  or 
workability  at  the  beginning.  The  washed  Elgin  sand  (silt  0.5%)  gave 
values  for  modulus  of  rupture  a  little  lower  than  unwashed    (silt  2.0%), 
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FIG.  9. — RELATION  BETWEEN  THE  TKANSVEESE  AND  COMPRESSIVE  STRENGTH  OF 

CONCRETE. 

•     Data  from   Tables   III   to   VII. 

Plain  concrete  beams  10  in.  wide.  7  in.  deep,  loaded  at  Yi  points  of  a  36-in. 
span  ;  compression  tests  of  6  by  12-in.  cylinders. 


but  the  compressive  strength  was  slightly  higher,  indicating  that  there  is 
little  difference  in  strength  of  concrete  due  to  slight  differences  in  silt 
content.  The  objection  to  the  use  of  sands  of  high  silt  content  is  not  that 
the  strength  of  concrete  of  proper  consistency  is  materially  reduced,  but 
that  with  wet  mixes  frequently  used  in  concrete  road  construction  the  silt 
is  floated  to  the  surface  where  it  produces  a  weak  and  friable  concrete. 

Effect  of  Age  of  Concrete.     In  Tables  IV  and  VII,  both  flexural  and 
compression  tests  are  reported  on   1:4  mixes  at  ages  of  7  days,  28  days. 
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Table  VII. — Effect  of  Kind  of  Aggregate. 

Mix,  1  :  4  by  volume. 

Relative  consistency,  1.10;  water-ratio,  0.82. 

Aggregate:  sand,  0  to  No.  4;  and  coarse  aggregate,  No.  4  to  IH  in-l  all  of  same  grading. 

Specimens  tested  damp. 

Age  at  test,  28  days. 

Each  value  is  the  average  of  5  tests  made  on  different  days. 


Ref. 
No. 


Kind  of  Aggregate. 


Sand. 


JanesviUe 

Janesville 

JanesviUe 

Janesville 

Elgin  washed. . 
Elgin  unwashed 


Coarse. 


Elgin  pebbles 

Slag 

Limestone  . . 

Granite 

Elgin  pebbles 
Elgin  pebbles 

Average 


Modulus  of  Rupture 

of  Beams, 

lb.  per  sq.  in. 


7d. 

28  d. 

3  m. 

420 

.5,50* 

810 

4ii0 

,585 

765 

440 

595 

790 

37o 

540 

665 

40.') 

.595 

425 

610 

420 

580 

760 

800 


Compressive  Strength 

of  6  X  12-in  Cylinders, 

lb.  per  sq.  in. 


7d. 


1410 
1240 
1320 
1010 
1490 
1340 


1300 


28  d. 


2580'' 
2300 
2350 
1980 
2640 
2520 

2390 


3  m. 


3590 
3150 
3280 
2960 


3240 


ly. 


5000 
4530 
3970 
3760 


4320 


Modulus  of  Rupture, 

per  cent  of 

Compression. 


7d. 

28  d. 

3  m. 

29.8 

21.5 

22.fi 

36.3 

25.4 

24.3 

33,4 

25.3 

24.1 

37.1 

27.3 

22.4 

27.2 

22.5 

31.7 

24.2 

32.6 

24.3 

23.4 

ly- 

17.6 
16.8 
20.9 
19.3 


18.6 


•  Averge  of  25  beam  tests  and  115  cylinder  tests;  same  values  used  in  Tables  III,  IV,  V,  VI  and  VIII. 


Table  VIII. — Effect  of  Number  of  Steel  Reinforcing  Bars. 


Beams:  Depth,  7  in.;  width,  10  in.;  span,  36  in. 

Longitudinal  reinforcing  bars  were  spaced  equally  across  the  width  and  1  in.  from  the  bottom  of  the  beam . 
The  total  depth  of  beams  varied  from  6.9  to  7.1  in. 

Mix,  1 :  4  by  volume.    Aggregate:  sand  and  pebbles  graded  0  to  l}4  in. 

Relative  consistency  of  concrete,  1.10;  water-ratio,  0.82. 

Age  at  test,  28  days. 

Specimens  tested  damp. 

Each  value  is  the  average  of  5  tests  made  on  different  days. 

Compressive  strength  of  6  by  12-in.  concrete  cylinders  (average  of  115  tests)  was  2580  lb.  per  sq.  in. 


Numbe'r 

of  ?^-in. 

Round 

Steel  Bars. 

Percent- 
age of 

Steel. 

Total 
Load  on 

Beam, 
pounds. 

Computed  Stresses,  lb.  per  sq.  in. 

Type  of 
Beam 
Failure. 

Ref. 
.  No. 

Tension 

in 

Steel. 

Compression 

in 
Top  Fibre. 

Bond. 

Shearing 
Unit 
Stress. 

Modu- 
lus of 
Rup- 
ture. 

7.8 

59 
60 
61 
62 
63 
64 

0 
1 

2 
3 
4 
6 

8 

None 
0.18 
0.36 
0.54 
0.72 
1.09 
1.46 

7,870 
7,850 
10,390 
15,010 
19,640 
25,800 
28,060 

73, 000* 
49,400* 
49,100* 
48,900* 
43,800* 
36,800* 

i470* 
1460* 
1850* 
2190* 
2500* 
2530* 

570 
380 
380 
380 
340 
290 

70 
70 
90 
140 
180 
240 
270 

550t 
560* 
730* 
1085* 
1435* 
1885* 
1990* 

Tension 
Tension 
Tension 
Tension 
Diagonal  shear 
Diagonal  shear 
Diagonal  shear 

•  Tension  in  concrete  not  considered  in  computing  steel  stress.    Steel  not  considered  as  taking  stress  in 
computing  modulus  of  rupture. 

t  Average  of  26  beam  tests;  same  values  used  in  Tables  III  to  VII. 
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3  months  and  1  year.  The  values  from  these  tests  are  platted  in 
Fig.  11.  These  tests  show  that  both  the  flexural  and  compressive  strength 
are  proportional  to  the  logarithm  of  the  age  of  the  concrete.  The  flexural 
strength  increased  less  rapidly  than  compression,  as  shown  by  the  average 


.(3  .9  AO  /./  /.2 

iVc7ter  - /?aT^/o    t^   ly^o/ume  of  Cemenf 

FIG.    10. — RELATION  BETWEEN   STRENGTH   AND  WATER-RATIO  OF   CONCRETE. 

Data  from  Tables  III  and  IV. 

Plain  concrete  beams  10  in.  wide,  7  in.  deep,  loaded  at  yi  points  of  a  36-in. 
span  ;  compression  tests  of  6  by  12-in.  cylinders. 

ratio  of  flexure  to  compressive  strength  of  30%  at  7  days,  23%  at  28  days, 
22%  at  3  months  and  18%  at  1  year.  Other  studies  of  the  effect  of  age  on 
thfe  compressive  strength  of  concrete'^  have  shown  that  this  logarithmic 
relation  holds  indefinitely  so  long  as  the  concrete  does  not  dry  out. 

Relation    between    Modulus    of    Rupture    and    Compressive    Strength. 
Many  of  the  tables  show  the  modulus  of  rupture  in  terms  of  the  com- 


>''Effcct  of  Age  on  the  Strength  of  Concrete,  by  Duff  A.  Abrams,  Proc.  Am. 
Soc.  Testing  Mat.,  11)18,  Part  II ;  see  also  Concrete,  July,  1921,  p.  14. 
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FIG.  11. — EFFECT  OF  AGE  ON  THE  TBANSVEKSE  STRENGTH  OF  CONCRETE. 

Data  from  Tables  IV  and  VII. 

Each    point    is    the    average    of    several    different    gradings,    or    kinds    of 
aggregate. 

Beams  cured  under  damp  burlap ;  cylinders  in  moist  room. 
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pressive  strength  of  the  concrete.  The  values  for  28-day  tests  from  Tables 
III  to  VII  inclusive  are  platted  in  Fig.  10.  The  upper  diagram  gives  the 
actual  values  and  shows  a  fairly  consistent  relation  between  the  modulus 
of  rupture  and  the  compressive  strength  regardless  of  the  mixture,  con- 
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Cornpre33i'\/e    Sfri^ngth     ■     /O.  per  acp-  ''n, 

FIG.     12. — RELATION    BETWEEN    TRANSVERSE    AND    COMPRESSIVE    STRENGTH    OF 

CONCRETE. 

BY   FULLER   AND   THOMPSON. 

From  "Laws  of  Proportioning  Concrete."    Trans.  Am.  Soc.  Civil  Bng.,  v.  59, 
p.  67   (1907). 


sistency,  size  and  grading  of  aggregate,  etc.  This  relation  may  be  expressed 
by  the  equation: 

iJ  =z  0.29/Sf— 0.000032/S''    (3) 

where  R  =:  modulus  of  rupture  of  plain  beams 

/Sf  :=  compressive  strength  of  6  by  12-in.  cylinder. 
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This  is  the  equation  of  the  upper  curve  in  Fig.  5  when  stresses  are 
given  in  pounds  per  square  inch.  The  modulus  of  rupture  is  relatively 
higher  for  the  weak  concrete;  at  28  days  it  is  about  26%  of  the  com- 
pressive strength  for  1000-lb.  per  sq.  in.  concrete;  22%  for  2000-lb.;  19% 
for  3000-lb.  and  15%  for  4000-lb.  concrete. 

Relation  between  Strength  and  Water-Ratio  of  Concrete.  The  water- 
ratio  is  defined  as  the  ratio  of  volume  of  water  to  volume  of  cement  in  the 
batch.  A  water-ratio  of  0.75  to  1.00  covers  the  usual  range  of  mixtures. 
In  platting  Fig.  9  only  28-day  tests  from  Tables  III  and  IV  were  used. 
It  will  be  noted  that  the  water-ratio  was  varied,  due  to  the  following 
causes : 

( 1 )  Quantity  of  cement, 

(2)  Consistency  of  concrete, 

(3)  Size  of  aggregate, 

(4)  Grading  of  aggregate. 

In  spite  of  the  wide  differences  i^  the  cause  of  variation  of  water-ratio, 
it  is  found  that  the  relation  between  strength  and  water-ratio  can  be 
expressed  by  a  single  curve  for  each  form  of  test.  The  lower  curve  shows 
the  usual  relation  which  has  been  found  between  the  compressive  strength 
and  water -ratio."  The  upper  curve  shows  the  relation  between  water- 
ratio  and  modulus  of  rupture  of  concrete  to  be  of  an  entirely  different 
form  from  that  found  for  compression.  The  compressive  strength  drops 
off  rapidly  at  first,  then  less  rapidly  with  an  increase  in  the  quantity  of 
mixing  water.  The  modulus  of  rupture  drops  otf  slowly  at  first,  then 
more  rapidly.  The  comparison  between « these  relations  may  be  best 
seen  by  a  specific  example.  Fig.  9  shows  that  by  increasing  the  water- 
ratio  from  0.80  to  1.20  (an  increase  of  50%  in  mixing  water)  the  com- 
pressive strength  is  reduced  from  2750  to  about  950  lb.  per  sq.  in.;  and 
the  modulus  of  rupture  from  550  to  240  lb.  per  sq.  in.  In  other  words, 
the  wetter  concrete  gives  a  compressive  strength  of  about  i/^  and  a  modulus 
of  rupture  of  about  %  that  produced  by  the  concrete  in  which  care  was 
taken  to  restrict  the  mixing  water  to  a  reasonable  quantity. 

Effect  of  Number  of-  Steel  Reinforcing  Bars.  In  one  group  of  tests, 
beams  of  standard  size  were  reinforced  with  1  to  8  %-in.  round  steel  bars, 
placed  with  centers  6  in.  below  the  top  of  the  beam.  Table  VIII  gives 
total  loads,  the  computed  tensile  stress  in  the  steel,  compressive  stress  in 
the  top  fiber  of  beams,  the  bond  stress  between  the  concrete  and  steel,  shear- 
ing unit  stress  and  modulus  of  rupture.  In  calculating  the  tension  in  the 
steel,  the  stresses  carried  by  the  concrete  was  not  considered;  in  com- 
puting the  modulus  of  rupture  the  stress  carried  by  the  steel  was  not 
considered.  The  tests  show  that  no  effect  is  produced  by  one  reinforcing 
bar.     Upon  failure  of  the  concrete  the  stress  is  transmitted  to  the  rein- 


^'Design    of    Concrete    Mixtures,    by    Duff    A.    Abrams ;    Bull.    1,    Structural 
Materials  Research  Lab,,  1918. 
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forcing  bar.  The  stress  carried  by  one  bar  when  stressed  to  the  ultimate 
simply  counterbalances  the  failure  of  the  concrete  in  tension.  With  4  to  8 
bars,  failure  was  produced  by  diagonal  tension  which  did  not  develop  the 
tensile  strength  of  the  steel. 

Uniformity  of  Tests.  The  tables  and  diagrams  show  unusual  uni- 
formity in  the  tests  in  this  series.  In  only  a  few  instances  are  the  points 
off  the  smooth  curves  which  represent  the  relations  between  strength  and 
other  factors.  The  strength  of  concrete  depends  on  so  many  factors;  it  is 
inevitable  that  some  discrepancies  should  appear.  The  making  of  five  or 
more  test  pieces  on  different  days  seems  to  eliminate  most  accidental  varia- 
tions. The  methods  followed  in  making  these  tests  are  recommended  to 
others  who  may  be  engaged  in  concrete  testing. 

Earlier  Flexural  Tests  of  Concrete. 

Fig.  12  gives  tlije  results  of  flexural  and  compression  tests  of  concrete 
made  by  Fuller  and  Thompson,  and  published  in  their  paper  on  Laws  of 
Proportioning  Concrete."  These  tests  cover  a  narrow  range  of  strengths, 
but  in  general,  they  show  about  the  same  general  relation  as  that  found 
in  Fig.  10. 

Fig.  13  gives  results  of  tests  made  by  R.  Feref  on  mortar  beams 
4  by  4  by  16  cm.  The  relation  between  modulus  of  rupture  and  compressive 
strength  is  somewhat  similar  to  that  given  in  Fig.  10. 

Flexural  tests  of  mortars  were  carried  out  by  the  U.  S.  Geological 
Survey  at  St.  Louis,  1905-08." 

Flexural  Strength  of  Other  'Materials. 

The  following  notes  on  the  flexural  and  compressive  strength  of  other 
materials  than  concrete  may  be  of  interest: 

Marble.  Tests  made  by  the  Bureau  of  Standards  on  2^/4 -in,  cubes  in 
compression  and  beams  1%  to  2  in.  deep,  3  to  4  in.  wide,  span  6  to  10  in. 
show  that  the  modulus  of  rupture  is  uniformly  about  15%  of  the  com- 
pressive strength  for  marbles  ranging  in  strength  from  8000  to  28,000  lb. 
per  sq.  in.  The  tensile  strength  of  marble  briquets  1-in,  square  was  about 
one-half  the  modulus  of  rupture.  (Tech.  Paper  123,  Tests  of  Commercial 
Marbles,  by  D.  W.  Kessler,  1919.) 

Slate.  Tests  made  by  M.  0.  Fuller  showed  modulus  to  vary  from  75  to 
100%  of  compressive  strength.  Modulus  of  rupture  tests  were  made  on 
beams  1  in.  wide,  26  in.  long  and  14,  %,  1  and  1^  in.  deep;  compression 


"Trans.  Am.  Soc.  Civil  Eog.,  V.  59,  p.  67,  1907. 
"Etude  Experimentale  du  Ciment  Arme,  p.  576,  1906. 

^'Portland  Cemoiit  Mortars  and  Their  Constituent  Materials,  by  Humphrey 
and  Jordan.     Bull.  331,  U.  S.  Geol.  Survey,  1908. 
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tests  were  made  on  2-in.  cubes.  (Physical  and  Electrical  Properties  of 
Slate,  Bull.  Lehigh  University,   1921.) 

/  Building  Brick.  As  a  result  of  an  exhaustive  series  of  tests  carried 
out  by  the  Committee  on  Brick  of  the  American  Society  for  Testing  Mate- 
rials, the  following  values  were  found  for-  different  classes  of  building 
brick : 


Class 
A 
B 
C 
D 


Modulus  of  Rupture       Compression 


1482 
668 
621 
469 


8493 
4171 
2791 
1762 


Ratio,  percent 
17.5 
16.0 
22.0 
27.0 
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FIG.     13. RELATION    BETWEEN    TRANSVERSE    AND    COMPRESSIVE    STRENGTH    OF 

CONCRETE. 

BY    FERET. 

From  "Etude  Experimentale  du  Ciment  Arme,"  p.  576   (1906). 

Compression  tests  were  made  on  whole  brick,  loaded  flatwise;  modulus 
of  rupture  tests  on  brick  loaded  flatwise  on  7-in.  span.  (Proc.  A.  S.  T.  M., 
191^,' Part  I.) 

Gypsum.  Tests  made  by  W.  A.  Slater  showed  modulus  of  rupture  of 
gypsum  43  to  52%  of  compressive  strength;  6x6xl8-in.  beams  and 
8  X  16-in.  cylinders,  35%  water,  age  at  test,  10  days.  (Jl.  West.  Soc. 
Eng.,  Sept.,  1919,  p.  441.) 
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Cast-iron.  Kirkaldy's  tests  on  469  samples  of  cast-iron  showed  an 
average  modulus  of  rupture  of  38,000  and  a  compressive  strength  of 
121,000  lb.  per  sq.  in.  (ratio  31%).  Modulus  of  rupture  tests  were  made 
on  bars  2  x  1  x  36-)n.  loaded  edgewise.  (Materials  of  Construction,  by  J.  B. 
Johnson,  4th  Ed.,  1898,  p.  447.) 

Conclusions.^ 

The  folloAving  conckisions  may  be  stated : 

The  tests  give  definite  results  on  the  flexural  and  compressive  strength 
of. concrete  for  a  wide  range  of  mixtures,  consistencies,  size  and  grading 
of  aggregates,  curing  conditions,  kind  of  aggregate,  etc. 

The  relation  between  modulus  of  rupture,  and  compressive  strength  is 
not  uniform;  for  the  weak  mixtures  the  modulus  of  rupture  is  relatively 
higher  than  for  the  strong  mixtures.  An  equation  is  given  which  expresses 
this  relation.  For  usual  concrete  mixtures  the  modulus  of  rupture  under 
the  conditions  of  these  tests,  was  about  22%  of  the  compressive  strength. 

Essentially  the  same  strength  was  developed  by  the  beams  loaded  with 
top  in  tension  and  with  bottom  in  tension ;  in  the  wetter  mixtures  the 
values  were  somewhat  lower  for  bottom  in  tension. 

Increasing  the  quantity  of  cement  increased  both  flexural  and  com- 
pressive strength  of  the  concrete.  The  modulus  of  rupture  was  less  affected 
by  variations  in  the  quantity  of  cement  than  the  compressive  strength. 

Both  modulus  of  rupture  and  compressive  strength  of  the  concrete 
were  reduced  by  increasing  the  quantity  of  mixing  water.  The  modulus 
of  rupture  was  less  aff'ected  by  the  change  in  mixing  water  than  the 
compressive  strength. 

With  the  same  quantity  of  cement,  the  modulus  'of  rupture  increased 

rapidly   as   the    size   of    the   aggregate    increased   or    the   grading   became 

coarser    (up  to  the  point  where  the  aggregate  became  too  coarse  for  the 

.quantity  of  cement).     The  rate  of  increase  in  strength  was  essentially  the 

same  in  beams  and  cylinders. 

The  flexural  and  compressive  strength  of  concrete  were  a.ff'ected  in  the 
same  way  by  variations  in  curing  condition  of  the  concrete.  The  advantage 
of  curing  in  damp  condition  was  fully  brought  out  by  the  tests.  Curing 
in  damp  condition  for  28  days  gave  a  modulus  of  rupture  of  48%  higher 
than  1  day  in  damp  condition  and  27  days  in  dry  air. 

The  modulus  of  rupture  of  concrete  was  only  slightly  aff'ected  by  the 
depth  of  the  beam.  The  values  for  beams  8  and  10  in.  deep  were  about 
4%  higher  than  for  the  4-in.  beams. 

There  was  no  great  discrepancy  between  the  flexural  and  compressive 
strength  of  concrete  made  from  pebbles,  crushed  slag  and  crushed  lime- 
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stone.  Granite  gave  somewhat  lower  values,  probably  due  to  low  absorption 
of  the  aggregate. 

Both  flexural  and  compressive  strength  of  concrete  cured  in  a  damp 
condition  until  tested  were  proportional  to  the  logarithm  of  the  age. 

These  tests  show  the  same  relation  between  water-ratio  and  com- 
pressive strength  of  concrete  that  has  been  found  in  earlier  tests.  How- 
ever, the  relation  between  water-ratio  and  modulus  of  rupture  was  of  an 
entirely  different  form. 

The  methods  of  test  used  in  this  investigation  were  found  to  give 
satisfactory  results  as  shown  by  the  uniformity  of  the  values  in  the  various 
groups  of  tests. 


DISCUSSION. 


Mr.  Slater.  W.  A.  Slateb. — I  think  it  may  be  interesting  to  call  attention  to  the 

fact  that  the  tests  that  were  made  by  the  Bureau  of  Mines  under  the 
direction  of  Mr.  Humphrey,  and  studied  and  reported  on  in  some  detail 
a  year  ago  at  this  convention,*  confirm  the  conclusion  that  about  0.2  per 
cent  is  the  amount  of  reinforcement  below  which  the  beam  is  just  as  strong 
without  as,  with  reinforcement.  In  other  words,  the  beam  with  about 
0.2  per  cent  of  reinforcement  fails  with  about  the  same  load  as  though  it 
had  no  reinforcement  at  all.  Four  kinds  of  concrete  were  used,  the 
strength  of  which  varied  from  2200  to  4200  lb.  per  sq.  in.  The  reinforce- 
ment, had  a  yield  point  of  ajjout  40,000  lb.  per  sq.  in. 

Mr.  Zesiger.  ■^-  W.  Zesigek. — In  regard  to  too  high  a  percentage  of  reinforcement, 

I  would  like  to  ask  some  more  questions.  I  understand  that  under  Mr. 
Humphrey  some  years  ago  they  made  tests  of  about  300  concrete  beams 
reinforced  from  about  0.4  per  cent  to  over  2  per  cent,  and  the  report 
states  there  very  clearly  that  all  the  failures  were  due  to  the  stress  in  the 
steel  having  reached  the  elastic  limit  when  the  beam  failed,  not  due  to 
the  failure  of  the  concrete.  In  those  tests  was  used  cinder  concrete,  which 
is  not  very  strong,  limestone,  granite  and  gravel  concrete.  If  then  the 
beam  fails  due  to  some  weakness  in  the  concrete,  such  as  shear  or  bond, 
why  did  it  not  fail  in  the  same  manner  under  those  tests? 

Mr.  Richart.  F.   E.  RiCHART. — I  would  like  to  offer   a   comment  on  the  matter  of 

curing  which  Professor  Abrams  has  mentioned  here  in  showing  that 
specimens  which  were  stored  damp  for  perhaps  14  days  and  then  allowed 
to  dry  out  for  14  days  gave  greater  strengths  than  those  that  were  cured 
for  28  days  in  a  damp  condition  and  then  tested  damp.  Two  effects  are 
evidently  involved  here;' the  difference  in  the  rate  of  gain  in  strength  dur- 
ing the  damp  and  dry  storage  periods,  and  the  difference  in  the  strength 
of  the  same  concrete  when  moist  and  when  dry.  The  latter  condition 
exists  in  stone,  brick  and  other  materials;  it  is  of  considerable  importance 
in  the  case  of  concrete  road  slabs  where  moisture  is  always  present  in  the 
subgrade  and  to  some  extent  on  the  upper  surface  of  the  slab.  The 
moisture  content  of  the  concrete  seems  to  have  a  definite  effect  on  the 
strength. 

A  number  of  tests  on  the  effect  of  storage  conditions  and  of  moisture 
content  on  the  strength  of  coiicrete  have  been  made  at  the  University  of 
Illinois.  In  one  series,  made  in  1915  in  co-operation  with  the  Oregon  Agri- 
cultural College,  the  effect  of  a  number  of  storage  conditions  was  investi- 
gated. The  concrete  was  of  normal  consistency;  the  aggregates  were  well 
graded  sand  and  gravel.     The  mixture  used  in  the  Illinois  test  was  1:2:^, 


♦VVestergaan]  ami  Slater,  "iMonienls  and  Stresses  in  Slabs,"  Proc.  Am.  Cone. 
Inst.    V.    17,   p.   476    (1!)21). 

(46) 


Discussion  on  Flexueal  Strength  of  Plain  Concrete.   47 

in  the  Oregon  tests,  1:  1.85:  4.15.  In  another  series  of  tests  made  in  1921,  Mr.  Richart. 
particular  attention  was  paid  to  the  moisture  content  of  the  specimens 
throughout  the  tests.  The  concrete  was  approximately  a  1:2:3^  mix- 
ture having  1.20  relative  water  content.  Two  artificially  graded  sands, 
0-No.  50  and  0-No.  4  in  size  were  used.  The  finer  sand,  though  not  of 
proper  grading  for  a  concrete  aggregate,  was  used  with  the  idea  of  produc- 
ing a  concrete  especially  affected  by  moisture  changes.  In  both  series, 
tests  were  made  on  five  specimens  of  a  kind  and  all  were  tested  when  28 
days  old.  The  strength  of  the  concrete  cured  in  damp  storage  and  tested 
damp  was  taken  as  the  standard  for  comparison.  The  strengths  undci' 
these  standard  conditions  were:     1:2:4,  2900  lb.  per  sq.  in.,  1:  1.85:  4.14, 
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Dat^s  of /4ir  Storage  beforeTesf  Per  cent  Loss  of  MoJsture 

EFFECT  OF   MOISTURE   CONTENT   ON    STRENGTH   OF   CONCRETE. 
(Submitted  by  F.  E.   Richart.) 


1760  lb.  per  sq.  in.,  1:2:  3%,  0-No.  50  sand,  1870  lb.  per  sq.  in.,  with 
0-No.  4  sand,  2620  lb.  per  sq.  in.  Data  of  the  tests  are  given  in  the 
accompanying  table. 

The  diagram  herewith  shows  the  effect  of  moisture  content  in  damp- 
cured  specimens.  In  the  specimens  that  were  dried  out  immediately 
before  testing,  the  length  of  the  drying  period  does  not  appear  so  im- 
portant as  the  loss  of  moisture,  which  was  computed  from  the  percent 
decrease  in  the  weight  of  specimens  from  the  time  they  were  removed 
from  the  molds  until  tested.  Some  specimens  apparently  absorbed  more 
water  than  other  during  the  moist  storage.  The  specimens  dried  in  the 
oven  at  130-140°  F.  showed  the  same  relation  between  moisture  content 
and  strength  as  those  dried  in  air,  but  the  concrete  exposed  to  the  higher 
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Mr.  Richart.  temperatures  appeared  to  be  injured.  The  curves  indicate  that  a  moisture 
loss  equal  to  1%  of  the  weight  of  the  concrete  produced  an  increase  in 
strength  of  17  to  20%,  and  that  an  increase  of  this  magnitude  is  quite 
possible  with  favorable  conditions  for  drying  out  the  concrete. 

W.   S.   BuENTE. — I  notice  that  the   maximum  modulus   of  rupture   is 
given  in  Prof.  Abrams'  test  at  about  GOO  lb.  with  some  tests  running  about 


Mr.  Buente. 


EFFECT  0     STORAGE  CONDITIONS  AND  MOISTURE  CONTENT  ON 
COMPRESSIVE  STRENGTH  OF  CONCRETE. 

(F.   B.   Richart.) 


No. 


Condition  of  Storage — Series  of  1915. 


Standard.     Damp  sand  28  days;  tested  damp 

Damp  sand  28  days;  in  air  6  hrs 

Damp  sand  27  days;  in  air  1  day , . . . . 

Damp  sand  25  days;  in  air  3  days .- 

Damp  sand  21  days;  in  air  7  days 

In  form,  top  covered,  2  days;  damp  sand  14  days,  air  12  days 

In  form,  top  covered,  28  days. . 

In  form,  top  exposed,  2  days;  damp  sand  26  days 

In  form,  top  exposed,  7  days;  damp  sand  21  days 

In  form,  top  exposed,  28  days 

In  air,  under  wet  burlap,  28  days 

In  air  of  laboratory,  28  days 

In  air  outdoors,  28  days 


Relative  Strength. 


Univ.  of  111.   Ore.  Ag.  Col. 


100 

98 
104 
105 
114 
109 
102 

98 

98 

89 

87 

77 

59* 


100 
102 
110 
103 
108 
111 
100 

99 

95 

92 

95 

85 

87t 


No. 


Relative  Strength. 


Condition  of  Storage — Series  of  1921. 


Sand  G  2 
(O-50) 


Standard.    Moist  room,  28  days;  tested  damp 

Moist  room  27J4  days;  in  air  12  hrs 

Moist  room  27  days;  in  air  1  day 

Moist  room  26}^  days;  in  air  1}'2  days 

Moist  room  26  days;  in  air  2  days 

Moist  room  24  days;  in  air  4  days 

Moist  room  28  days;  in  oven  at  140°  F.  1  hr. . 
Moist  room  28  days,  in  oven  at  120°  F.  6  hrs. 
Moist  room  28  days;  in  oven  at  305°  F.  3  hrs. 
Moist  room  28  days;  in  oven  at  270°  F.  6  hrs. 
Air  of  laboratory,  28  days 


100 
116 
103 
113 
122 
132 
118 
118 
94 


Sand  G  36 
(0-4) 


100 

112 

96 

109 

107 

114 

106 

106 

83 

77 

67 


'  In  November  and  December. 


t  In  July  and  August. 


800.  In  the  manufacture  of  plain  concrete  pipe  to  meet  the  test  require- 
ments of  the  A.  S..  T.  M.,  the  concrete  must  develop  a  modulus  of  rupture 
of  about  1050  lb.  The  repeated  tests  made  in  plain  concrete  pipe,  which 
show  a  modulus  of  rupture  of  the  concrete  as  high  as  1200,  possibly 
1500  lb.,  I  would  like  to  ask  Prof.  Abrams  if  he  has  made  any  tests  on 
concrete  rings  that  might  explain  this. 
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Pkof.  Abrams. — I  will  answer  Mr.  Buente's  question  first.  The  cal-  Mr.  Abrams. 
culation  of  the  modulus  of  rupture  on  curved  sections  as  in  concrete  pipe 
is  accompanied  with  many  uncertainties.  It  must  not  be  forgotten  that 
the  modulus  of  rupture  is  a. good  deal  of  a  fiction  after  all.  A  great 
many  assumptions  are  involved  in  calculating  stresses  in  this  way.  If 
the  concrete  were  entirely  homogeneous  and  if  there  was  a  straight-line 
relation  between  stress  and  deformation  up  to  the  point  of  rupture,  we 
would  be  on  a  good  deal  safer  ground  in  calculating  modulus  of  rupture  and 
we  could  more  properly  compare  the  modvilus  of  rupture  of  a  straight 
beam  with  that  of  a  curved  beam;  however,  in  the  case  of  concrete  which 
is  a  non-homogeneous  material  with  a  curvilinear  relation  between  stress 
and  deformation  (of  somewhat  uncertain  form)  we  have  also  all  the 
complications  that  enter  into  the  computation  of  stresses  in  a  eurve<l 
section. 

I  do  not  believe  that  the  facts  stated  by  Mr.  Buente  disprove  any 
point  brought  out  by  oiir  tests.  I  am  aware  that  the  stresses  calculated 
from  th&  loads  required  to  produce  failure  in  concrete  pipes  are  higher 
than  when  the  concrete  is  tested  in  a  straight  beam.  In  other  words,  the 
values  do  not  represent  actual  difi'erences  in  the  quality  of  the  concrete, 
but  result  in  a  measure  from  the  inexact  assumptions  upon  which  such 
stresses  are  calculated.  It  should  be  noted  also  that  the  drier  mixtures 
which  the  tamping  or  mechanical  trowelling  make  it  possible  to  use  in 
concrete  pipe  will  give  concrete  of  much  higher  strength  than  the  usual 
methods  of  placing  concrete  in  road  or  building  construction.  These  are 
conditions  that  cannot  be  reproduced  readily  in  laboratory  tests. 

With  reference  to  the  question  raised  concerning  Mr.  Humphrey's 
tests.  I  think  it  will  be  clear  that  in  a  long  beam  the  relation  between 
stresses  is  much  difl^erent  from  what  it  is  in  a  very  short  beam.  I  had 
no  intention  of  bringing  up  at  this  time  a  general  discussion  of  reinforced- 
conerete  members  or  structures.  The  tests  on  reinforced  beams  were 
thrown  in  incidentally.  The  study  of  the  flexural  strength  of  plain  con- 
crete and  its  relation  to  the  compressive  strength  was  the  problems  we 
were  studying. 

Mr.  Richart's  statement  concerning  the  effect  of  drying  out  test 
specimens  is  an  important  item.  That  is  why  it  is  so  important  that  in 
making  test  cylinders  on  the  job,  care  should  be  taken  to  see  that  they 
are  stored  in  a  standard  manner.  If  you  do  not  do  that,  the  results  of 
the  tests  will  vary  considerably,  due  to  differences  in  the  curing  condition, 
without  any  actual  difl^erences  in  the  quality  of  the  concrete. 

Fkank  C.  Wight.— There  is  one  ppint  which  might  be  brought  up  in  j^jj.  -[ffight 
reference  to  the  curing  condition  of  test  pieces  and  its  relation  to  the 
curing  condition  of  the  roads.  I  have  found  in  traveling  around  the 
country  that  a  good  many  road  engineers  are  not  disposed  to  consider  the 
relation  between  a  small  prism  or  beam  tested  under  certain  curing  con- 
ditions as  exactly  duplicated  on  a  road.  A  road  is  a  large  slab  with 
possibly  moisture  conditions  under  it,  but  not  always,  and  under  present 
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Mr.  Wight.  current  methods,  moisture  conditions  put  on  it  afterwards  during  the 
curing  period.  In  the  northwest,  particularly,  I  have  found  a  number  of 
road  engineers  who  were  much  disposed  to  say  that  the  small  beams  which 
are  completely  surrounded  by  moisture  in  the  testing  laboratory  cannot 
be  definitely  related  to  a  road  slab.  Many  of  them  felt  that  there  should 
be  some  method  pf  test  devised  which  would  make  more  definite  such 
relation.  I  think  that  is  a  point  which  the  Research  Committee  might 
well  consider. 

Mr.  Greulich.  G.   G.   Grexjlich. — I   notice   on  some  of  the  curves  that  the   strength 

falls  off  rapidly  yas  the  amount  of  water  used  in  mixing  is  increased.  Con- 
tractors like  to  use  a  lot  of  water  for  chviting,  etc.,  if  they  can,  and  the 
argument  is  sometimes  brought  up  that  a  test  comes  such  a  short  time 
after  a  specimen  is  poured  that  excess-water  specimens  do  show  a  weak- 
ness, but  they  claim  that  that  weakness  will  wear  off.  Is  the  weakness 
caused  by  the  separation  of  the  aggregate  when  too  much  water  is  used, 
and  is  the  decrease  in  the  strength  permanent,  or  does  the  excess  of  water 
injure  the  strength  of  the  concrete  only  temporarily? 

Mr.  Abrams.  Prof.  Abrams. — The  mixing  water  in  concrete  has  two  functions,    ( 1 ) 

To  hydrate  the  cement,  and  (2)  to  produce  a  plastic,  mobile  mass.  The 
exact  quantity  of  water  necessary  to  hydrate  the  cement  has  not  been 
accurately  determined,  but  it  seems  probable  that  not  more  than  25  to 
30%  of  the  water  usually  placed  in  concrete  is  required  for  this  purpose. 
When  an  excess  of  water  is  used,  you  are  simply  introducing  a  dispersing 
medium,  in  other  words,  the  cement  particles  are  separated  just  so  much 
farther  from  each  other  than  they  were  before.  We  do  not  know  just  how 
close  together  they  v/ere  in  the  first  place,  but  it  is  easy  to  calculate  how 
much  they  are  separated  by  adding  more  water.  We  know  that  if  more 
and  more  water  is  added  we  soon  come  to  a  point  where  the  cement  never 
sets  or  hardens,  although  each  particle  goes  through  the  process  of  hydra- 
tion as  it  does  in  concrete.  When  water  is  added  unnecessarily  we  are 
simply  separating  the  cement  particles  and  approaching  a  point  where 
they  will  not  set  at  all  under  ordinary  conditions.  This  is  shown  by  the 
fact  that  concrete  strength  drops  off  materially  with  small  additions  of 
water  beyond  that  required  to  produce  a  plastic  mass.  In  the  tests 
,  reported,  increasing  the  water-ratio  (Fig.  9)  from  0.80  to  1.20  (an  increase 
of  50%  in  mixing  water)  we  reduce  the  compressive  strength  from  2750 
to  about  950  lb.  per  sq.  in.;  and  the  modulus  of  rupture  from  550  to  240 
lb.  per  sq.  in.  In  other  words,  we  get  a  compressive  strength  of  about 
i/^  and  a  modulus  of  rupture  of  about  J/  with  the  excess  water,  of  that 
produced  by  a  proper  water  content. 

I  should  say,  too,  that  the  wettest  consistency   that  we  used   in  our 
tests  does  not  represent  the  extremes  to  whicli  concrete  is  frequently  mixed 
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on  building  construction.     No  doubt  all  of  you  have  seen  concrete  which  Mr.  Abrams 
Avould  contain  probably  50  percent  more  water  than  the  maximum  quantity 
we  used;   such  concrete  would  give  a  strength  probably  20  percent  of  the 
strength    that    would    be    produced    by    the    same    mixture    under    proper 
conditions. 

With  reference  to  the  ultimate  effect  of  this  excess  water,  we  have 
carried  some  compression  tests  to  1  and  2  years,  and  the  indications  are 
that  this  loss  in  strength  is  permanent.  Very  wet  concrete  will  show  a 
gain  in  strength  which  follows  a  curve  exactly  like  the  others  when  you 
plot  age  horizontally  and  strength  vertically,  but  it  will  always  be  lower 
on  the  scale.  There  is  no  possibility  that  the  wet  concrete  can  ever  attain 
the  same  strength  as  the  drier,  if  both  are  cured  arid  tested  in  the  same 
way. 


NOTE  ON  THE  BALL  TEST  APPLIED  TO  CEMENT  MORTAR. 
By  W.  K.  ITatt."' 

It  is  well  known  that  the  ball  test  is  a  reliable  index  of  the  mechanical 
properties  of  material.  This  ball  test  has  been  applied  by  Brinell  to  metals 
and  by  Yanka  and  by  the  Forest  Service  to  wood. 

Recently  in  the  Laboratory  for  Testing  Materials  of  Purdue  University 
the  application  of  this  test  to  mortar  specimens  has  been  investigated. 
This  contribution  describes  the  methods  of  making  the  test  and  preliminary 
results. 


Steel  Plate 


Mortar    Slab 
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FIG.     1. DIAGRAM    SHOWING    BALL    TEST. 


Methods  of  Test. 

The  ball  is  a  standard  steel  ball  ^^  in.  in  diameter  placed  on  the  sur- 
face of  a  mortar  slab  which  is  36x15x4  in.  thick.  A  steel  plate  2x2xi/t  in. 
thick  with  a  hole  approximately  i/o  in.  in  diameter  is  placed  over  the  ball 
which,  therefore,  projects  half  its  diameter  from  the  surface  of  the  steel 
plate.  The  slab,  ball,  and' the  plate  are  placed  on  the  platform  of  a 
testing  machine  and  the  load,  then  applied  on  the  projecting  ball.  This 
load  is  increased  until  the  ball  penetrates  the  surface  of  the  mortar  slab 
to  one-half  of  its  diameter,  whereupon  the  testing  head  of  the  testing- 
machine  comes  in  contact  with  the  surface  of  the  steel  plate.  The  resist- 
ance suddenly  increases  and  throws  up  the  scale  beam  which  is  a  fairly 
good  indication  that  the  ball  has  penetrated  the  slab  to  one-half  of  its 
depth.  For  accurate  results,  however,  deflectometers  are  .placed  on  the 
slab  to  measure  the  penetration  of  tlic  steel  ball  to  the  exact  amount  of 
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1/2  in.  The  index  of  the  test,  therefore,  is  the  load  required  to  press  the 
steel  ball  to  one-half  its  diameter  into  the  surface  of  the  mortar. 

The  underside  of  this  steel  j)late  is  slightly  cut  out  to  allow  the 
material  displaced  by  the  ball  to  rise  from  the  surface  of  the  slab  with- 
out moving  the  steel  plate. 

Of  course  this  same  test  could  be  applied  to  the  mortar  in  the  sur- 
face of  a  concrete  road  or  the  floor  of  a  building  by  using  a  lodometer 
gr  a  hydraulic  jack. 


FIG.  2. SOME  RESULTS  OF  BALL  TEST  ON  CONCRETE  StTKFACE. 


Results  of  Tests. 

LTp  to  the  present  time  the  resistance  of  mortar  slabs  ranging  from 
1:  11/^  to  1:  2^2  naix  has  been  determined  at  ages  from  7  to  about  40  days. 
Additional  investigations  have  been  made  to  determine  the  effect  of  a  pre- 
viously a^jplied  wheel  load  to  the  surface  of  the  mortar.  In  these  wheel 
tests  a  solid  rubber  tired  truck  Avheel  34  in.  in  diameter  with  4  in.  width 
of  tire  has  been  applied  to  different  portions  of  the  slab  with  increasing 
loads  up  to  14,000  lb.  The  portions  of  the  spots  on  the  slab  previously 
loaded  with  this  wheel  are  then  subjected  to  the  ball  test,  which  indicates 
the  effect  of  these  wheel  loads  upon  the  resistance  of  the  concrete  surfaces 
as  determined  by  the  subsequently  applied  ball  test.  These  investigations 
of  wheel  loads  have  not  progressed  far  enough  at  the  present  time  to 
justify  the  publication  of  the  data. 

The  results  of  the  tests  are  shown  in  Tables  I  to  V. 
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Ball  Test  Applied  Td  Cement  Mortab. 


Table  I. — Ball  Test  op  Concrete. 


Mark. 

Mix  of 
Mortar. 

Age, 
days. 

Load  in  lb.  necessary  to  cause  J/^-in. 
ball  to  penetrate  half  its  diameter. 

Original  Surface. 

M  in.  below 
Original  Surface. 

S-7 i 

S-19 

1:1M 

7 

7 

7 

7 

.   9 

14 

14 

14 

21 

28 

28 

28 

28 

30 

9,150 
6,666 
8,166 
7,750 
9,625 
8,166 
10,666 
10,375 
9,000 
11,562 
10,833 
11,500 
11,250 
11,250 

8,500 

S-101 

S-105 

S-9 

8,375 

S-21 ...            

S-102 

S-106 

S-22 

S-8 

10,750 

S-20 

S-103 

S-107 

S-10 

11,437 

S-11 

1:2 

7 
7 
10 
28 
28 
35 

6,687 
6,666 
8,000 
10,312 
10,050 
10,625 

6,437 

S-117 

S-12   . . 

7,062 

S-13...               

9,062 

S-1 

S-14 

8,437 

S-15 

1:21^ 

7 
10 

28 
42 

5,062 
6,000 
7,062 
9,250 

5,187 

S-16 

5,166 

S-17 

6,875 

S-18 

8,437 

Note. — Each  value  represents  two  or  three  ball  impressions  on  one  slab. 


Table  II. — Compressive  Strength  of  6  x  12-in.  Mortar  Cylinders 
Parallel  to  Slabs. 


Mix. 

Compressive  strength  in  lb.  per  sq.  in. 

or  various  ages,  7  to  42  days 

7 

9 

10 

14 

21 

28 

30 

35 

42 

1:11,^ 

2,739 
3,587 
3,681 

2,842 

4,110 

3,755 
4,418 
3,595 

4,199 

4,773 
4,570 
3,993 
4,588 

4,687 

1:2 

3,160 
2,255 

.... 

4,6ii 

4,276 

1:2H 

2,557 

1,993 

2,751 

3,287 

Ball  Test  Applied  to  Cement  Mortar. 
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Table  III. — Ball  Test  of  Concrete. 

Increased  Resistance  of  Mortar  Slabs  at  Different  Ages. 
(Average  of  four  series  including  all  mixes.) 


Relative  Resistance, 
:  in  Days.  per  cent. 

7 70  * 

14 85 

21 95 

28 100 


See  Table  I  for  supporting  data. 


Table  IV. — Ball  Test  of  Concrete. 

Relative  Slab  Resistance  to  Penetration  of  3'2-in.  Ball  and  Relative  Compressive  Strength  of  6  x  12-in 
Cylinders  for  Different  Mixes  of  Mort-ar.    Based  on  1  :  IJ^  Mortar.     Age  28  days. 


Relative  Compressive  Strength  of 
Concrete  Cylinders.* 

Relative  Slab  Resistance,  Ball  Test.f 

Mix. 

Age,  days. 

Grand 
Average. 

Age,  days. 

Grand 

7- 

14 

.  28 

7 

14 

28 

Average. 

1:1J^ 

1:2 

1:2J^ 

100 
81 
76 

100 

'57 

100 
93 
66 

100 
87 
66 

100 
85 
65 

100 

100 
89 
69 

100 

87 
67 

*  See  Table  II  for  supporting  data, 
t  See  Table  I  for  supporting  data. 


Table  V. — Ball  Test  of  Concrete  Summary  Sheet. 


Load  necessary  to  cause  }-^-m.  ball  to  penetrate  one-half  its 

diameter  on  original  surface. 

Mix  of 

Age, 

Number  of 

Applications 

Mortar. 

days. 

Initial  Load  on  Wheel  (lb.). 

of  Initial 
Load. 

000 

400 

800 

1,600 

2,400 

3,200 

4,000 

4,800 

5,600 

s-101 . . . 

1:1^ 

7 

8,166 

7,375 

7,250 

6,875 

6,2.50 

6,000 

5,500 

5,500 

5,250 

1 

S-102... 

1:  IJ^ 

14 

10,666 

8,750 

8,250 

8,375 

7,625 

7,750 

7,000 

6,750 

6,750 

1 

S-103... 

1:13^ 

28 

11,500 

8,250 

8,500 

8,000 

7,125 

6,875 

6,625 

6,125 

6,675 

1 

S-105... 

1:  iy2 

7 

7,750 

5,7.50 

5,7.50 

5,750 

5,000 

5,125 

4,875 

5,000 

4,750 

25 

S-106... 

1:  m 

14 

10,375 

7,625 

7,000 

6,500 

6,250 

6,250 

5,750 

5,.5O0 

4,750 

25 

S-107... 

l-.l'A 

28 

11,250 

9,250 

8,125 

7,875 

7,500 

7,250 

7,000 

6,500 

6,125 

25 

S-117... 

1  :2 

7 

6,666 

5,250 

5,000 

4,875 

4,750 

4,500 

4, .500 

4,250 

4,000 

1 

S-118..  . 

1  :2 

14 

7,750 

6,750 

6,375 

6,000 

5,.500 

5,375 

5,2.50 

5,125 

5,000 

1 

S-119... 

1:2 

28 

9,2.50 

7,750 

7,250 

7,000 

6.750 

6,500 

6,375 

6,250 

5,875 

1 

S-121 . . . 

1  :2 

7 

7,000 

5,875 

5,500 

5,125 

4,500 

4,500 

4,250 

4,000 

4,000 

25 
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Ball  Test  Applied  to  Cement  Moetar. 
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PENETRATION  OF  ^  BALL'  IN   CONCRETE  (iN  INCHES) 
FIG.    3.— PENETRAllU:;  LO..D     CURVE. 


O  Z  ^  6  8  lO  IZ  /f 
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FIG.    4. — RESISTANCE   OF    MORTAR    TO    PENETRATION    OF    1^-IN.    TEST   BALL. 
For  Various  Wheel  Loads  Applied  on  a  3i-in.  4  in.  Solid  Tire  Truck  Wheel. 


Ball  Test  Applied  to  Cement  Moetar. 
Conclusions. 
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This  test  is  simple  in  its  application  and  should  have  a  wide  range 
of  usefulness.  Results  show  that  this  test  indicates  some  mechanical 
property  of  the  material   and  exhibits  the  same  general  relations  as  are 
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FIG.    5. EESISTANCE    OF    MORTARS    FOR    1,4-IN.    TEST   BALL    UNDfJR   VARIOUS 

CONDITIONS. 

A.    Mixtures  of  1  :  iy2,   1:2,  1  :  21/2  Mortars,  Age  28  Days. 
B.    Various  Ages  up  to  1  Mo.  for  Averages  of  Mixes  \:iy^,  1:2,  1  :  2%. 


determined   by   the   more   complicated   expensive   compression   and   tension 
tests  of  mortar. 

Of  course   if  the  ball   test   is   applied  to  concrete  the  ball   should  be 
pushed  into  the  mortar  and  should  not  rest  upon  a  piece  of  large  aggregate. 


AN  ACCURATE  MECHANICAL  SOLUTION  OF 

STATICALLY  INDETERMINATE  STRUCTURES  BY  USE  OF 

PAPER  MODELS  AND  SPECIAL  GAGES. 

By  Geokge  Erle  Beggs* 

During  the  summer  of  1916  my  attention  was  given  to  tlie  problem  of 
the  deflections  and  stresses  of  the  triple  span  continuous  trusses  of  the  new 
B.  &  L.  E.  R.  R.  bridge  over  the  Allegheny  River.  One  of  these  trusses  is 
shown  in  Fig.  1.    On  account  of  the  various  conditions  of  loading  for  which 


gao'-s" Continuous  Truss  of  ^i" AtLtGHirf^r  River.  Bridge  '/ B.'*L£.R.R 

lO^n    J5 20 


FIG.    1. 


it  was  necessary  to  calculate  the  four-truss  reactions,  it  was  considered 
advantageous  to  construct  their  influence  lines,  after  calculating  their  ordi- 
nates  by  the  theories  of  deflection  and  least  work.  These  influence  lines, 
plotted  in  Fig.  1,  resembled  the  elastic  curves  of  continuous  beams  fastened 
at  three  supports  and  deflected  a  unit  distance  at  the  remaining  support 


N.  .T. 


♦Associate  Professor   of  Civil  Engineering,   Princeton   University,  Princeton, 

(58) 


Paper  Models  and  Special  Gages 
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for  whose  reaction  the  influence  line  was  drawn.  To  determine  the  accuracy 
of  this  observation,-  a  10-ft.  pole  of  uniform  section  and  three  nails  were 
used.  To  draw  the  influence  line  for  R^  the  pole  was  restrained  by  single 
nails  at  R^,  Rz,  R4,  and  deflected  at  R^,  a  distance  to  scale  1000  lb.  The 
ordinates  to  this  elastic  curve  were  measured. 

The  comparison  of  values  obtained  by  this  crude  mechanical  apparatus 
and  by  exact  theory  are  given  in  Fig.  2.  The  agreement  of  values  is  seen 
to  be  remarkably  good. 

Three  years  later,  in  the  summer  of  1919,  the  attention  of  JR.  Fleming 
of  the  American  Bridge  Co.  was  called  to  this  method  of  solution,  with  the 

Comparison  or  Influence  Line  Ordinates 

Obtained    by   Theory  and   by    Pole 
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FIG.   2. 


result  that  he  carefully  computed  the  reactions  of  the  three-span  contin- 
uous beam  of  uniform  section  shown  in  Fig.  3,  and  published  the  solution 
in  the  Engineering  Neivs-Record,  August  28,  1919.  For  the  mechanical 
method  he  used  a  3-ft.  spline  with  ordinary  pins  for  supports.  (Fig.  3.) 
The  influence  lines  were  assumed  to  correspond  to  the  elastic  curves  pro- 
duced by  bending  the  spline  a  distance  unity  from  each  of  the  four  supports 
in  succession  as  shown.  The  reactions  for  the  actual  loadings  were  then 
found  by  summing  algebraically  the  loads  times  their  corresponding  ordi- 
nates. The  closeness  with  which  the  reactions  sum  to  the  total  load  is 
remarkable  and  the  comparison  between  reactions  obtained  by  theory  and 
by  spline  is  practically  satisfactory. 
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To  Mr.  Fleming,  at  that  time,  I  stated  tlie  possibility  of  extending  this 
mechanical  method  to  the  solution  of  indeterminate  frames.  Does  not  the 
layman  estimate  the  severity  of  stress  in  an  elastic  structure  by  observa- 
tion of  its  distortion  under  load, — the  "give  and  swell"  of  the  members  as 
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one  man  expressed  it?  Why  then  should  not  the  engineer  closely  observe 
the  deflections  of  model  elastic  structures,  and  so  estimate  their  reactions, 
moments,  shears,  and  thrusts,  and  thus  avoid  the  derivation  or  the  applica- 
tion of  such  laborious  and  questionable  formulas  as  quoied  in  Figs.  4  and  5 
from  German  and  American  publications? 
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To  determine  the  value  of  Vb  in  Fig.  5,  in  the  ease  where  the  loading 
on  the  three  spans  is  not  symmetrical,  requires  by  the  well  known  method 
of  slope  deflections  the  accurate  solution  of  nine  equations  with  nine  un- 

from     Bulletin    107-  Unw    of  Illinois 
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FIG.    5. 


FIG.    0. 

Icnowns,  and  a  very  considerable  amount  of  work  in  addition  thereto.  Such 
tedious  calculations  are  most  disheartening,  and  lead  the  so-called  "prac- 
tical man"  to  make  his  best  guess.  Nature  solves  such  problems  in  actual 
structures  instantly  and  accurately.     Could  not  the  engineer  enlist  nature 
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as  his  ally,  and  so  eliminate  much  of  the  mathematical  work  incident  to 
the  solution  of  problems  in  indeterminate  structures?  . 

The  fundamental  principle  of  any  mechanical  solution  is  Maxwell's 
Theorem  of  Reciprocal  Deflections,  as  proved  and  applied  in  all  texts  on 
higher  structures.  Consider  the  very  complicated  structure  shown  in  Fig.  6. 
Suppose  in  the  first  instance  that  this  figure  represents  the  actual  full-sized 
structure.  Let  it  be  required  to  find  the  horizontal  thrust  at  the  hinge  at 
the  foot  of  the  third  column  caused  by  a  load  P  on  the  first  arch.  Assume 
for  the  sake  of  argument  that  the  third'  support  is  changed  from  hinged  to 
roller  bearing,  so  that  horizontal  motion  may  occur  freely.     Attach  to  the 


<6'  /.4a  un/'fs 


lower  end  of  the  column  a  cable  which  carries  a  weight  H.  This  weight  is 
such  that  it  holds  the  column  from  deflecting  horizontally  when  the  load  P 
rests  on  the  arch.  Now  attach  to  the  right-hand  cable  shown  a  pail  carry- 
ing a  very  small  load  /  pounds  of  sand.  From  tlie  weight  H  hang  an  empty 
pail.  The  foot  of  column  deflects  a  small  distance  0.5  d^  from  point  3  to 
point  1,  and  at  the  same  time  the  load  P  is  moved  from  point  6'  to  some 
point  7.  Now  transfer  the  sand  /  to  the  pail  at  left  of  3.  The  column 
deflects  a  horizontal  distance  d,  from  1  to  2,  while  the  load  P  moves  from 
point  7  to  8.     From  Maxwell's  Theorem,  it  follows  that 


n  equals       P 


(^) 


It  is  to  be  noted  tliat  in  general  the  value  do  is  the  component  of  the  deflec- 
tion of  P  in  the  direction  of  P.     It  is  evident  from  this  equation  that  H 
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becomes  known  as  soon  as  the  ratio  d^/d-i,  is  evaluated,  and  the  load  P 
specified.  It  is  further  apparent  that  this  ratio  of  deflections  may  be 
obtained  by  applying  to  an  elastic  unloaded  model  of  the  actual  structure 
a  small  deflection  dj  and  measuring  by  accurate  means  the  corresponding 
deflection  do-  There  is  an  advantage  in  introducing  the  deflection  (Zj,  half  to 
the  right  and  half  to  the  left  of  the  mean  position,  for  the  frame  is  dis- 
torted from  its  geometric  position  less  than  if  the  deflection  were  all  on 
the  same  side  of  the  mean  geometric  position. 

Assume  in  the  second  instance  that  it  is  desired  to  know  the  bending 
moment  at  the  foot  of  the  second  column  due  to  a  load  P  on  the  first  arch. 


FIG.    8. 


(Fig.  7.)  Assume  that  the  connection  of  this  second  column  is  changed 
from  fixed  to  hinged.  Let  the  hinge  pin  be  a  shaft  keyed  to  the  foot  of 
this  column  and  turning  freely  in  a  bearing  that  is  fixed  to  the  foundation. 
On  this  same  shaft  mount  a  wheel  of  1  ft.  radius  as  shown.  Support  by  a 
cable  wound  on  the  circumference  of  this  wheel  a  weight  M  of  such  value 
that  the  foot  of  this  column  is  not  rotated  from  its  normal  position  when 
the  load  P  rests  on  the  first  arch.  Attach  to  the  right-hand  cable  a  pail 
carrying  a  very  small  load  /  pounds  of  sand,  and  from  the  weight  M,  hang 
an  empty  pail  as  shown.  The  circumference  of  the  wheel  deflects  a  small 
distance  0.5  d^  clockwise,  and  at  the  same  time  the  load  P  is  moved  down- 
ward and  toward  the  right.     The  motion  shown  by  the  drawing  is  greatly 
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magnified.  Now  transfei'  the  sand  /  to  the  empty  pail.  The  circumference 
of  the  wheel  will  deflect  a  distance  dj  counter  clockwise,  and  at  the  same 
time  the  load  P  will  move  upward  and  toward  the  left'  the  component  of 
its  motion  in  the  direction  of  P  being  d,.  From  Maxwell's  Theorem  it 
follows  that 

M  z=  Pd^/d^.      ■ 


It  is   evident  that  the   value  of  the  weight  M  that  will  produce   elastic 
equilibrium  becomes  known  as  soon  as  the  ratio  of  do  to  d^  is  evaluated 


FIG.   9. 

and  the  load  P  specified.  It  is  also  apparent  that  this  ratio  may  be  ob- 
tained by  applying  to  an  elastic  unloaded  model  of  this  structure  a  corre- 
sponding small  rotative  deflection  d^  and  measuring  by  accurate  means  the 
corresponding  deflection  d,. 

It  is  further  clear  tliat  the  value  of  the  weight  M  is  numerically  equal 
to  the  bending  moment  at  the  foot  of  the  second  column,  since  the  radius 
of  the  wheel  is  unity.  As  before  and  for  the  same  reason,  the  deflection  dj 
is  applied  half  on  either  side  from  the  mean  geometric  position. 

Not  wishing  to  rely  entirely  on  such  philosophical  consideration*,  I 
decided  in  January,  1020,  to  check  the  above  principle  by  a  practical  test. 
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A  model  of  an  indeterminate  structure  of  the  form  shown  in  Fig.  8  was 
constructed.  The  frame  was  made  of  wood  strips  about  %  by  %  in.,  the 
columns  and  main  horizontal  member  being  50  in.  in  length  center  to  center 
of  connections.  Metal  gussets  and  screws  fastened  the  bars  together.  The 
three-hinged  frame  was  supported  in  a  horizontal  position  on  the  floor  and 
floated  on  ball  bearings  that  moved  freely  between  glass  plates.  While 
measuring  deflections  no  weights  were  applied  to  the  structure.  In  order 
to  determine  by  deflections  the  value  of  V^  at  support  3  that  would  be 
caused  by  a  load  P  equal  to  12  lb.,  the  ratio  d^/d^  was  flrst  determined  as 
follows :  the  pin  at  3  was  removed  and  the  point  3  of  frame  forced  to 
deflect  vertically  upward  by  an  amount  0.5  d^  and  then  vertically  down- 
ward by  the  same  amount.     The  corresponding  motion  of  point  B^  was  to 
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Aj,  and  its  deflection  d^  was  measured.  According  to  the  principle  previ- 
ously explained,  \\  equals  d-^/d^  12  lb.,  in  which  equation  the  ratio  of  the 
known  values  d^  and  dj  was  such  that  Fg  was  calculated  to  be  3.4  lb.  By 
similar  method  R^  was  calculated  to  be  14.6  lb.  The  hinge  reaction  at  3 
for  F  equal  to  12  lb.  was  thus  completely  determined,  its  value  15  lb.  being 
equal  to 

Vl4.6=  +  3.4=. 

The  pin  was  replaced  in  hinge  3.  The  load  P  equal  to  12  lb.  was  applied  by 
means  of  a  counterweight  acting  through  a  cord  wound  over  a  bicycle 
wheel  as  shown  in  Fig.  8.  A  force  of  15  lb.  was  similarly  applied  in  the 
line  of  the  resultant  of  U^  and  Fj  by  a  cord  attached  to  a  screw  in  the  bar 
close  to  point  3.  The  pin  at  hinge  3  was  then  removed.  To  my  great  satis- 
faction no  deflection  occurred  upon  removal  of  this  pin.  The  reaction  of 
15  lb.  at  hinge  3  as  determined  mechanically,  was  therefore  correct,  for  it 
produced  both  static  and  elastic  equilibrium.     Similarly  the  reactions  at 
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hinges  1  and  2  were  determined,  and  their  correctness  tested.  The  three 
reactions  as  determined  entirely  by  deflection  measurements  are  seen  to 
satisfy  very  well  the  three  laws  of  statical  equilibrium.  The  small  errors 
may  be  chargeable  to  the  crudeness  of  the  apparatus. 

In  order  to  reduce  the  scale  of  the  models  and  at  the  same  time  to 
improve  the  accuracy  of  the  observations,  it  was  soon  decided  to  make  the 
models  of  celluloid,  and  to  read  the  deflections  by  use  of  micrometer  micro- 
scopes of  the  type  shown  in  Pig.  9.  This  microscope  will  read  directly  to 
about  1/16000  of  an  inch.  It  is  a  stock  pattern  except  for  the  cross  section 
lining  in  the  field  of  view. 

The  first  structure  solved  by  aid  of  the  microscope  was  the  arch  shown 
in  Fig.  1^0.  A  celluloid  model  of  this  arch  to  scale  span  equals  6  in.  was 
placed  on  the  drawing  board.     The  right  hinge  pin  was  made  immovable, 
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and  the  left  hirige  pin  was  allowed  horizontal  motion.  The  arch  floated  on 
small  ball  bearings  placed  between  it  and  the  drawing  board.  One  micro- 
scope was  placed  over  the  left  hinge  and  oriented  to  read  its  horizontal 
motion.  The  other  microscope  was  placed  over  the  point  of  application  of 
the  vertical  load  and  oriented  to  read  the  vertical  component  of  the  deflec- 
tion of  the  load  point.  The  experiment  was  most  encouraging.  The  ratio 
of  the  measured  vertical  deflection  of  the  load  point  to  the  horizontal 
motion  of  hinge  multiplied  by  50,000  gave  H  equal  to  44,600  lb.  as  com- 
pared to  44,800  given  by  the  common  theory. 

The  practical  difficulty  of  the  method  was  the  making  of  tlie  celluloid 
models.  At  the  suggestion  of  one  of  my  students,  I  decided  to  use  heavy 
paper  or  cardboard  for  model  making.  The  thickness  diosen  can  be  cut 
witli  a  few  heavy  strokes  of  tlie  penknife.  Needles  pressed  through  the 
paper  make  very  satisfactory  hinges.  A  model  of  the  two-hinged  arch 
sliown  in   Fig.   1 1   was  made  of  paper  to  scale  span  equal  to  20   in.     The 
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values  of  H  obtained  from  the  deflections  of  this  paper  model  read  through 
the  microscope  compare  very  closely  with  those  given  by  the  common  theory. 
Models  of  the  structures  shown  in  the  following  six  illustrations  were  also 
made  of  thick  paper,  and  the  reactions  found  by  deflection  readings  are 
seen  to  agree  with  theory  as  closely  as  might  be  expected.  In  Figs.  12  and 
13  the  agreement  is  very  close.  In  Fig.  14  the  value  of  H  obtained  from 
the  model  is  smaller,  than  H  by  theory.    It  is  believed  that  the  model  value 
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is  nearer  the  truth.  A  little  consideration  will  show  that  as  the  depth  of 
the  rib  increases,  the  value  of  B.  should  decrease,  until  the  reactions  become 
almost  entirely  vertical  when  the  rib  is  several  feet  deep.  The  effect  of  the 
increase  of  the  depth  of  rib,  on  the  reduction  of  JST  is  shown  by  the  results 
in  Fig.  15. 

The  difference  between  resiilts  by  model  and  theory  for  the  ring  in 
Fig.  16  may  be  partly  chargeable  to  the  approximations  in  the  mathe- 
matical analysis.    In  any  case  the  error  is  negligible  for  practical  purposes. 
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The  paper  model  of  the  arch  with  fixed  ends  shown  in  Fig.  17  was 
made  to  scale  span  equal  to  20  in.  The  right  end  was  fastened  to  the  draw- 
ing board  and  the  left  end  glued  to  a  movable  block.  The  model  was 
floated  on  small  ball  bearings.  Unit,  moment,  thrust,  and  shear  deforma- 
tions were  introduced  in  succession  at  the  left  support,  where  one  microm- 
eter microscope  was  used  to  measure  the  motion  of  the  foundation.  The 
second  microscope  was  used  to  read  the  vertical  components  of  the  deflec- 
tions of  the  rib.  These  latter  deflections  are  directly  proportional  to  the 
influence  line  ordinates  for  the  moment,  shear,  and  thrust  at  the  left  sup- 
port of  the  arch.    The  small  variation  between  the  dotted  and  full  influence 
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lines  in  Fig.  17  indicates  the  close  agreement  of  the  values  read  from  the 
paper  model  with  those  obtained  by  theory.  A  record  of  the  numerical 
values  by  the  two  methods  is  given  in  Fig.  18. 

In  order  to  bring  the  theory  into  agreement  with  the  results  read  from 
the  model,  it  was  necessary  to  apply  to  the  values  obtained  by  theory  the 
correction  for  thrust  shortening.  The  two  solutions  agree  quite  closely 
enough  for  practical  design.  There  are  strong  reasons  for  believing  that 
the  mechanical  -solution  is  fully  as  near  the  truth  as  is  the  theoretical 
solution. 

The  final  development  in  the  mechanical  method  was  the  design  and 
application  of  the  deformeter  gage  shown  in  Fig.  19.  The  function  of  this 
gage  is  to  introduce  at  any  section  of  the  model,  either  at  the  support  or  at 
any  other  section  of  the  structure,  a  unit  deformation.    This  may  be  a  pure 
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thrust,  shear,  or  moment  deformation.  Suppose,  for  example,  that  it  is 
desired  to  obtain  the  thrust  at  the  fixed  end  of  some  member  M  of  any 
indeterminate  structure  due  to  a  load  P  applied  at  some  point  A  of  the 
same  structure  and  acting  in  the  direction  CA.  These  latter  points  appear 
in  the  field  of  the  micrometer  microscope  set  up  over  some  load  point  A  of 
the  model  structure.  The  cross  lines  of  the  microscope  field  are  oriented  in 
the  direction  CA  of  the  applied  load  P  which  direction  is  pencilled  on  the 
mgd'el  for  convenience  in  orienting  the  microscope.  At  the  fixed  support 
the  paper  model  M  is  clamped  to  the  gage  by  means  of  the  plate  d.     The 

Comparison  or  valueis  Obtained  by  Theory  anh  by  Paper  Model 
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Effect  of  Thrust  Shortening  Included  in  Both    Cases 
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model  floats  freely  on  small  ball  bearings.  The  bar  a  of  the  gage  is  fastened 
to  the  drawing  board  by  means  of  the  phonograph  needles  n,  a  thin  piece 
of  paper  /  being  used  between  a  and  the  drawing  board  so  that  the  bar  6 
may  have  clearance  and  free  motion.  For  hinged  supports  the  plate  d  is 
omitted,  and  the  pin  h  in  bar  6  acts  as  the  hinge  pin.  If  the  thrust  at  the 
fixed  support  due  to  a  load  P  acting  in  direction  CA  at  A  is  desired,  remove 
the  two  round  normal  plugs  in  the  deformeter  gage  with  two  small  wooden 
wedges  w.  Place  in  the  gage  the  larger  pair  of  thrust  plugs  shown.  Read 
in  the  microscope  the  position  of  the  load  point  A  of  the  model.  Next  place 
the  pair  of  smaller  thrust  plugs  in  the  gage.  The  load  point  A  is  seeir 
in  the  microscope  to  move  along  a  straight  line  to  a  point  B.  Take  reading 
of  the  position  B,  and  by  difference  obtain  the  deflection  AC  =  d^.    If  the 
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total  thrust  deformation  introduced  by  the  standard  deformeter  gage  he 
di,  the  value  of  the  thrust  at  the  support  in  question  equals  [do/d^)  P,  and 
is  a  compression,  for  the  upward  deflection  at  the  support  has  caused  the 
load  point  A  to  deflect  in  a  direction  opposite  to  the  direction  CA  of  the 
applied  load.  The  mechanical  method  therefore  gives  both  the  sign  and 
value  of  the  desired  component  of  the  reaction.  To  obtai«  the  moment  and 
''  shear  at  the  same  section,  the  moment  and  shear  plugs  are  used  in  the  gage 
in  similar  manner  and  values  of  moment  and  shear  are  calculated  from 
the  two  corresponding  deflection  measurements  made-  with  the  microscope. 
If  the  moment,  shear,  and  thrust  at  some  interior  section  of  an  inter- 
nally indeterminate  structure  must  be  found,  the  gage  is  clamped  at  such 


w 


f 


Micro.  Field 


DErORMETtf^ 
GUAGC 


MOMENT 


Smear 


section  by  means  of  two  bars  d,  one  as  shown  in  Fig.  19,  and  another  bar  d 
by  screws  in  holes  g.  The  gage  in  this  case  floats  on  three  ball  bearings 
which  move  freely  between  two  thin  glass  plates.  The  model  is  cut  at  this 
section.  The  three  sets  of  plugs  for  moment,  shear,  and  thrust  are  then 
introduced  in  siiecession,  the  corresponding  deflections  of  the  load  points 
of  the  model  are  read  through  tlie  microscope,  and  the  corresponding 
moment,  thrust,  and  shear  at  the  section  evaluated'  as  before.  The  values 
shown  in  the  following  six  illustrations  were  obtained  by  use  of  small 
scale  paper  models.  (Scale  1  in.  =  1  ft.)  The  deflections  were  intro- 
duced by  the  standard  deformeter  gages  and  tlic  deflection  of  the  load 
points  read  through  the  microscope. 
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In  Fig.  20  the  deformeter  gage  was  attached  at  A  and  the  microscope 
oriented  to  read  vertical  deflection  at  the  center  of  span  caused  by  the 
small  rotation  at  A  produced  by  reversal  of  the  moment  plugs  in  the  gage. 
The  agreement  of  the  two  results  for  moment  at  the  support  is  satisfactory. 
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In  Fig.  21,  the  deformeter  gages  were  attached  at  the  three  supports 
A,  G,  B,  and  the  three  components  of  reactions  determined  by  reading  the 
horizontal  deflections  of  model  at  the  load  point  D.  The  forces  and  couples 
at  A,  C,  B,  so  determined  together  with  the  load  at  D  are  found  to  satisfy 
the  three  equations  of  equilibrium  with  remarkable  precision. 
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The  components  of  the  reactions  of  the  four-post  portal  in  Fig.  22 
were  similarly  determined  both  by  model  and  by  slope  deflections. 

The  reactions  calculated  by  the  model  deflections  again  satisfy  very 
well  the  three  laws  of  equilibrium,  and  agree  reasonably  well  with  the 
values  obtained  by  theory.  There  is  no  reason  to  believe  that  the  theory 
values  are  more  accurate  than  those  obtained  by  the.  model.  From  the 
components  of  these  four  reactions,  their  magnitudes,  directions,  and  posi- 
tions were  calculated.  A  celluloid  model  of  the  structure  was  then  made 
to  a  scale  1  in.  =  1  ft.  The  lines  of  the  reactions  as  determined 
from  the  deflections  of  the  paper  model  were  scribed  on  the  extended 
foundations  of  this  celluloid  model  as  shown  in  Fig.  22.    Holes  were  drilled 
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along  these  lines  and  a  single  hinge  pin  put  in  each  foundation  anywhere 
along  the  line  of  its  reaction.  A  varying  force  was  then  applied  at  the 
point  K  in  the  direction  shown,  causing  the  structure  to  deflect  throughout. 
None  of  the  four  foundations  rotated  appreciably  on  their  single  hinge 
pins.  This  is  a  practical  proof  of  the  correctness  of  position  and  direction 
of  the  reactions  obtained  by  the  deflections  of  the  paper  model. 

The  celluloid  model  of  this  particular  structure  is  on  exhibit.  Also 
the  microscopes,  gages,  and  a  few  of  the  small  celluloid  and  paper  models 
are  here  for  the  inspection  of  those  who  may  be  interested. 

The  structure  in  Fig.  23  presents  no  more  difficulty  than  the  preceding 
one  when  solved  mechanically.  This  problem  was  completely  solved  by 
reading  the  twelve  deflections  at  point  B  corresponding  to  the  J?,  F,  and 
M  displacements  introduced  successively  by  the  four  gages  at  fixed  sup- 
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ports  A,  B,  C,  D.  The  effect  of  changing  the  supports  from  fixed  to  hinged 
was  easily  investigated  after  removing  clamping  bar  from  the  gage  (Fig. 
19)  and  allowing  the  paper  to  turn  freely  on  the  hinge  pin.  The  values 
of  reactions  obtained  by  deflections  are  seen  to  satisfy  the  three  laws  of 
equilibrium  very  closely. 

The  structure  shown  in  Fig.  24  was  tested  by  deflections  to  determine 
the  effect  of  knee  brackets  on  the  reactions.  Note  the  great  change  in  ff, 
and  -ffj  as  the  four  brackets  are  removed  in  succession.  Any  theory  that 
omits  the  effect  of  knee  brackets  evidently  may  lead  to  large  errors. 

In  order  to  show  the  generality  of  the  model  method,  the  reactions 
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and  internal  stresses  in  the  complex  elastic  structure  in  Fig.  25  were  de- 
termined by  model  deflections  and  the  results  checked  by  the  three  laws  of 
equilibrium  applied  to  the  portion  of  the  structure  to  the  left  of  the  dotted 
section.  Considering  the  magnitude  of  the  applied  loads,  4000  lb.  total, 
the  check  by  statics  is  very  satisfactory. 

In  Fig.  26  attention  is  called  to  two  designs  of  similar  concrete  struc- 
tures, one  made  in  America  and  the  other  made  in  Leipzig.  The  assump- 
tion of  partial  continuity  is  made  in  the  American  design,  while  complete 
continuity  is  assumed  in  the  European  design.  In  the  American  design 
(Fig.  27a)  the  top  and  bottom  beams  are  assumed  continuous  and  the  three 
columns  are  figured  as  hinged.     This  cuts  the  structure  into  five'  distinct 
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structural  elements.  In  the  European  design  Fig.  27b,  tlie  complete  con- 
tinuity assumed  necessarily  lead's  to  a  stiflfer  structure.  Fig.  27c  and  Fig. 
27d  indicate  tlie  manner  in  which  the  two  structures  deflect  under  load. 
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Evidently  the  American  design  is  either  structurally  weak  or  structurally 
uneconomical  as  compared  with  the  European  design.  Consider  the  bending 
of  the  side  walls  g  and  h  in  Figs.  27e  and  f.     In  Fig.  27e  the  side  wall  has 
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an  effective  span  1-2,  whereas  in  Fig.  27f  the  effective  span  is  the  distance 
3-4  between  the  points  of  contraflexure.  When  it  is  remembered  that  the 
bending  moment  due  to  distributed  load  varies  as  the  square  of  the  effective 
span  length,  it  is  apparent  that  there  is  much  greater  strength  and  economy 
in  the  structure  designed  and  built  as  a  fully  continuous  structure.  One 
reason  why  American  engineers  have  not  recognized  or  planned  for  greater 
continuity  in  their  designing  is  because  of  the  laborious  mathematical  work 
involved.  If,  however,  the  analysts  by  elastic  models  is  demonstrated  to  be 
a  practical  method  of  solving  the  more  difficult  problems  in  concrete  struc- 
tures, and  further  if  the  designer  may  be  assured  of  the  strength  and  uni- 
formity of  the  concrete,  the  hope  may  be  expressed  that  in  the  near  future 
the  designer  will  be  more  ready  to  mold  the  most  adaptable  of*  materials, 
concrete,  into  a  greater  variety  of  stiff,  strong,  and  economical  structural 
forms  than  have  yet  been  conceived  or  attempted. 


DISCUSSION. 

A.  R.  Lord. — I  would  like  to  ask  Prof.  Beggs  whether  or  not  he  has 
thought  very  much  about  the  application  of  this  in  reinforced  concrete 
design?  As  I  have  listened  to  the  paper,  it  seems  to  me  that  the  paper 
model  may  represent  the  actual  thickness  of  the  concrete,  but  it  is  not 
possible  to  represent  the  effect  of  the  reinforcing  steel  on  the  moment  of 
inertia.  How  would  you  take  account  of  the  very  large  difference  in  the 
moment  of  inertia  which  is  effected  by  the  reinforcing  steel,  but  does  not 
change  the  exterior  dimensions  of  the  member? 

G.  E.  Beggs. — I  have  thought  of  that.  In  the  design  of  an"  indeter-  Mr.  Beggs. 
minate  concrete  structure,  the  proportion  between  the  moments  of  inertia 
of  the  various  members  is  first  assum.ed.  By  means  of  a  paper  model  of 
this  structure,  the  distribution  of  stresses  is  then  determined  by  methods 
already  described,  and  the  corresponding  sections  and  reinforcement  of  the 
actual  structure  designed.  A  second  model  may  then  be  made,  if  the 
refinement  is  desired,  with  the  width  of  its  members  proportional  to  the 
cube  root  of  inertia  (Z  -\-n-I  )  of  the  actual  section  used.  This  second 
model  is  then  tested  to  determine  the  new  distribution  of  stresses,  and  the 
sections  and  reinforcement  of  the  first  design  modified  accordingly.  It  is 
seldom  necessary  to  revise  the  first  estimate  of  stresses  more  than  once, 
for  it  is  only  the  proportion  and  not  the  actual  section  of  the  members 
that  determines  the  distribution  of  stresses.  Considerable  changes,  too, 
can  be  made  in  the  proportion  of  members  with  small  change  in  the  dis- 
tribution of  stress. 

A  Member. — I  would  like  to  ask  Prof.  Beggs  if  there  is  any  necessary  A  Member, 
relation  between  the  elasticity  of  paper  and  celluloid  and  concrete.     That 
is,  if  you  should  take  wood  or  some  other  material  for  jour  model,  would 
it  make  any  difference? 

Prof.  Beggs. — There  is  no  reason  why  paper,  celluloid,  or  any  other  Mr.  Beggs. 
material  should  be  selected  for  the  models,  except  that  the  material  used 
should  have  a  constant  modulus  of  elasticity  within  the  very  small  range 
of  stress  produced  by  the  small  deformations  arbitrarily  applied  to  the 
model.  Those  familiar  with  the  calculation  of  arches,  tunnel  sections,  and 
other  indeterminate  structures,  know  that  the  value  of  the  coefficient  of 
elasticity  cancels  out  in  the  solution  for  any  unknown  stress.  The  results 
for  the  stresses  are  independent  of  the  coefficient  of  elasticity  of  the  mate- 
rial, as  long  as  you  assume  that  coefficient  constant.  I  claim  that  the  solu- 
tion which  I  get  with  a  model  made  of  a  material  with  a  coefficient  of 
elasticity  that  is  constant  within  the  range  of  stress  developed,  is  in  agree- 
ment with  the  present  requirements  of  the  Institute,  where  you  specify  that 
the  "modulus  of  elasticity  of  concrete  is  constant  within  the  limits  of 
working  stresses."  If  you  change  that  specification,  I  will  need  to  change 
my  method  and  you  will  be  obliged  to  change  your  formulas. 

(79) 
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Mr.  Richart.  F.    E.    RiCHAKT. — The    nieclianical    method    of    analyzing    structures 

presented  in  this  pajjer  is  both  unique  and  simjjle  in  application;  it  seems 
to  be  of  especial  value  because  statically  indeterminate  structures  in  gen- 
eral hold  many  possibilities  for  e.conomy  of  material,  and  any  method 
which  will  enable  us. to  obtain  a  better  idea  of  such  structures  is  worth 
while.  This  method,  in  showing  the  actual  deformations  of  a  miniature 
structure,  appeals  directly  to  the  physical  sense  and  enables  one  to  visualize 
the  action  of  the  structure.  Regarding  the  other  metliods  of  treating  such 
structures,  I  might  say  that  a  purely  analytical  method  may  have  avail- 
able the  same  method  of  verifying  results;  for  example,  the  algebraic  appli- 
cation commonly  made  of  Maxwell's  theorem  may  consist  in  calculating 
the  same  deflections  that  are  measured  in  the  tests  of  models,  with  the 
equations  of  static  equilibrium  held  in  reserve  for  purposes  of  checking 
results. 

Regarding  the  model  in  which  knee-l)races  or  brackets  were  used,  I 
think  there  is  at  present  A^ery  little,  information  at  hand  on  the  effect  of 
such  changes  in  cross-section  of  the  members  of  a  frame.  Such  variations 
are  rather  difficult  to  treat  by  analytical  methods.  Several  years  ago, 
tests  of  large  reinforced  concrete  rigid  frames  were  made  by  the  Emergency 
Fleet  TCorporation  and  reported  by  Mr.  Slater  to  the  American  Concrete 
Institute  in  1919.  These  frames  had  brackets  somewhat  similar  to  the 
model  described  by  Prof.  Beggs,  and  I  think  it  is  worth  emphasizing  that 
while  the  brackets  may  not  produce  reactions  greatly  different  from  those 
in  similar  frames  Avithout  brackets,  there  will  be  a  large  difference  in  the 
distribution  of  bending  moments  in  the  two  cases.  The  material  used  in 
brackets  is  placed  where  it  is  most  needed  and  is  therefore  most  effective; 
the  result  is  usually  to  decrease  the  bending  moments  elsewhere,  thus 
making  possible  a  considerable  economy  in  material.  In  the  tests  of  indeter- 
minate frames  cited  the  loads  and  thrusts  were  applied  and  measured  by 
means  of  hydraulic  jacks  and  gages.  Tlie  ratio  of  these  applied  forces  at 
the  various  increments  of  load  throughout  the  tests  showed  a  fairly  good 
agreement  with  theory,  except  at  the  point  of  failure  when  the  elasticity 
of  the  structure  was  greatly  decreased.  That  is,  the  tests  of  the  reinforced 
concrete  frames  showed  similar  elastic  beha\ior  to  that  shown  by  the 
paper  models. 

Besides  its  use  as  a  classroom  demonstration,  the  method  of  analyzing 
structures  by  the  use  of  paper  models  apparently  should  have  two  distinct 
fields  of  usefulness.  In  one  it  would  be  very  useful  as  a  rough  check  which 
any  designer  could  make  on  tlie  calculations  for  his  structure;  in  the 
second  it  would  be  used  in  a  more  scientific  way  so  that  one  who  had  the 
microscope,  the  special  gages  and  all  tlie  necessary  apparatus  to  do  very 
fine  work  could  make  a  study  of  such  problems  as  the  effect  of  fillets,  knee- 
braces,  haunches  or  other  conditions  producing  a  variable  moment  of 
inertia  in  the  members  of  a  continuous  strutcure. 
r.     estergaar  .  jj^  j^j    \Yj;si-ekgaard. — lu  the  usual  analysis  of  multiple  indeterminate 

structures    one    forms    and    solves   sets   of    simultaneous    linear   equations. 
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Several  machines  have  been  devised   in   the  past  by  which  sets  of  linear  j^^.  westergaard 

equations  may  be  solved  mechanically;   these  machines  might  be  expected 

to  reduce   considerably  the   work   of   computation   in   structural   analysis, 

but  none  of  them  seem  to  have  worked  satisfactorily.    Prof.  Beggs'  models 

and  gages,  on  the  other  hand,   perform  the  double  task  of   forming  and 

solving  the  equations  applying  to  complex  frames.    The  accuracy  seems  to 

be  satisfactory;    in  fact,  the  paper  models  appear  to  follow  the  rules  of 

statics  and  elasticity  more  closely  than  do  the  concrete  structures  which 

they   represent.    The   method  will   be   welcomed  by   the   student   of   struc- 
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tures,  who  by  it  may  increase  his  general  experience  and  improve  his 
structural  sense;  structural  sense  matters  in  design  as  much  as  does  the 
ability  to  perform  computations.  One  may  expect  that  the  method  will 
be  found  very  useful  in  the  investigation  of  complex  frames. 

Peof.  Beggs. — Much  interest  has  been  expressed  by  the  members  of  Mr.  Beggs. 
the  Institute  in  the  method  of  testing  the  models  and  in  speculations  as 
to  the  practical  application  of  the  method  to  concrete  frames  of  highly 
indeterminate  forms.  In  order  that  the  reader  may  have  a  clear  under- 
standing how  the  instruments  appear  in  use,  there  are  reproduced  'in 
Figs.  28  and  29  photographs  taken  of  the  tests  for  which  the  numerical 
results  are  recorded  iq  Figs.  23  and  2.5  of  the  foregoing  paper.  Small 
steel   balls  support  the  models  free  of  the  drawing  board,  which   is   in  a 
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Mr.  Beggs.  horizontal  position.  The  gages  at  the  intermediate  sections  in  Fig.  29  are 
seen  supported  on  a  frietionless  bearing  made  of  two  glass  plates  with 
steel  balls  between  them. 

Remarkable  concrete  structures  of  indeterminate  forms  are  commonly 
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used  in  Europe  both  for  utilitarian  and  esthetic  purposes.  If  the  Amer- 
ican engineer  will  perfect  the  meclianical  method  of  analysis  and  so  avoid 
tlie  tedious  mathematical  calculations  now  incident  to  the  design  of  these 
structures,  we  may  hope  to  see  in  our  own  country  concrete  buildings  of 
greater  economy  and  more  attractive  simplicity. 


CONCRETE  SHIPS  CONSTRUCTED  BY  U.   S.  SHIPPING  BOARD. 
By  Walter  R.  Harpee/-^" 

Among  the  many  new  forms  of  construction  that  were  developed  and 
made  necessary  by  the  great  demands  of  the  war  preparations  for  con- 
struction of  all  kinds  probably  none  was  of  more  interest  to  the  members 
of  this  Institute  than  the  construction  of  concrete  ships  by  the  U.  S.  Ship- 
ping Board  during  this  period. 

When  it  became  evident  that  even  by  using  the  entire  jiroduction  and 
resources  of  the  country,  that  materials  for  the  construction  of  steel,  and 
wood  ships,  to  replace  those  being  destroyed  by  submarines  could  not  be 
furnished  in  sufficient  quantities,  or  rapidly  enough  to  make  the  replace- 
ment an  effective  check  to  the  damage  done  to  shipping  by  submarines. 
Other  methods  for  ship  construction  were  suggested,  and  investigated. 
This  resulted  in  the  decision  to  build  concrete  ships.  A  few  reports  have 
been  made  of  the  methods  used  in  this  new  and  very  interesting  form  of 
concrete  construction,  but  scarcely  any  mention  has  been  made  of  the 
completion  and  successful  operation  of  the  ships  built. 

Little  is  known  about  these  ships  by  the  public  in  general,  owing  to 
the  fact  that  they  were  tied  up  at  various  ports  soon  after  completion, 
along  with  all  other  shipping  when  the  depression  in  the  shipping  business 
made  it  necessary  to  tie  up  over  50%  of  the  ships  in  the  country.  Many 
people  are  not  aware  that  these  ships  were  successfully  completed  and 
placed  in  operation  and  that  they  performed  every  function  for  which 
they  were  designed,  proving  the  practicability  of  this  type  of  construction 
for  ships.  When  the  Shipping  Board  decided  to  build  concrete  ships  steps 
were  immediately  taken  to  gather  all  data  on  the  subject.  However,  it 
was  found  that  very  little  authentic  data  existed  as  nowhere  in  the  work 
had  engineers  heretofore  attempted  to  design  or  build  concrete  ships  of  a 
size  sufficient  for  ocean  navigation.  Numerous  small  boats  or  barges  for 
use  on  rivers  and  in  harbors  had  been  built  and  operated  with  success  in 
several  foreign  countries, — Norway,  Sweden,  France,  Germany,  Holland, 
Spain  and  a  few  in  Canada, and  in  the  United  States,  but  these  were  all 
small  and  of  the  barge  type,  the  largest  being  not  over  800  tons,  and  most 
of  them  much  smaller. 

It  can  readily  be  seen  that  the  design  for  a  7500  ton  ship  to  withstand 
the  stresses  due  to  storms  and  other  conditions  of  ocean  navigation  would 
vary  greatly  from  that  of  the  small  boats  heretofore  built  abroad.  Many 
problems  arose  which  had  not  been  heretofore  considered,  making  this  work 
pioneer  work  in  this  type  of  shipbuilding.  The  Shipping  Board  began 
numerous  tests,  experiments,  and  investigations  of  materials  and  methods 
to  be  used  in  the  construction  of  concrete  ships.  Tests  were  made  of 
concrete  composed  of  various  aggregates,  of  different  mixtures,  of  different 
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types  of  reinforcing,  and  different  methods  of  fabricating.  Numerous  slabs 
and  beams  were  built  up  and  broken  in  tests  for  strength.  Concrete  mixing 
machinery  of  all  makes  was  tried  out  and  the  mixtures  produced  tested  in 
order  that  only  machines  producing  concrete  of  a  maximum  strength 
should  be  used. 

The  first  tests  and  experiments  were  made  at  the  laboratories  of  the 
Bureau  of  Standards  at  Washington.  The  later  experiments  were  con- 
ducted in  the  University  of  Pennsylvania  laboratories  at  Philadelphia. 
Observations  were  made  on  ships,  actually  in  operation  at  sea  in  all  kinds 
of  weather,  and  under  various  conditions  to  ascertain  the  forces  which 
would  cause  stress  in  the  members  of  a  ship's  structure.  These  forces  were 
measured  by  attaching  strainograph  instrimients  to  members  under,  stress. 
Up  to  this  time  there  had  apparently  been  no  actual  measvirements  taken 
of  these  forces,  values  for  them  had  been  assumed.  It  can  readily  be  seen 
that  an  economical  design  for  a  concrete  ship  could  not  be  made  until 
the  forces  acting  on  the  structure  were  known.  The  necessity  of  reducing 
the  weight  of  the  ship  to  a  minimum  figure  and  still  retaining  a  maximum 
strength  in  all  members,  made  it  imperative  that  no  excess  material 
be  used. 

It  was  realized  at  first  by  the  engineers  of  the  concrete  ship  section 
of  the  Shipping  Board  that  a  concrete  ship  would  be  handicapped  by  excess 
weight  if  the  concrete  was  composed  of  sand  and  gravel  or  broken  stone. 
Investigations  were  started  of  other  aggregates  and  experiments  made  with 
lighter  materials.  It  had  been  decided  that  a  concrete  with  a  compressive 
strengtli  of  at  least  4000  lb.  per  sq.  in.  after  twenty-eight  days  should  be 
required.  Various  light  materials  Were  used  for  aggregates  during  these 
investigations,  svxch  as  slag,  broken  clay,  tiles,  hollow  clay  granules,  cinders, 
volcanic  rock,  etc.,  but  none  gave  the  desired  results.  Some  gave  lightness 
but  were  lacking  in  strength.  Slag  gave  a  concrete  much  lighter  than 
sand  and  gravel  but  contained  chemicals  which  were  detrimental  to  the 
reinforcing  steel.  The  volcanic  rock  used  as  an  aggregate  gave  a  concrete 
of  the  lightness  and  strength  desired  but  the  deposits  were  so  far  removed 
from  the  proposed  shipyards  that  the  question  of  transportation  made  its 
use  prohibitive. 

After  many  experiments  it  was  decided  to  imitate  the  volcanic  rock 
))y  baking  a  clay  into  a  clinker  in  a  kiln  then  crushing  and  screening  the 
result  for  the  aggregate.  A  clay  containing  vegetable  matter  was  selected. 
This  w^as  baked  in  a  kiln,  at  a  temperature  of  about  2000  deg.  F.,  the 
vegetable  matter  turned  to  gas  inflating  the  clinker  leaving  disconnected 
isolated  cells  when  cool.  This  material  was  screened  after  crushing  in  a 
stone  crusher  and  well  graded  material  passing  through  a  half  inch  screen 
and  held  on  a  quarter  inch  screen  was  used  for  the  coarse  aggregate.  Well 
graded  material  from  ^/4-iii-  size  to  fine  was  used  for  the  fine  aggregate. 
This  used  as  an  aggregate  gave  a  concrete  weighing  105  to  110  lbs.  per 
pu.  ft.,  compared  with  150  lbs.  per  cu.  ft.  when  sand  and  gravel  was  used 
for  an  aggregate,  saving  nearly  one-tliird  the  weight  of  the  concrete  by  the 
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use  of  this  light  aggregate.  Crushing  strength  of  this  material  when 
made  up  into  1:1:1  concrete  cylinders  G  in.  in  diameter  and  12.  in.  in 
height  after  28  days  varied  from  5000  to  6000  lb.  per  sq.  in.  By  the 
use  of  this  concrete  a  saving  of  approximately  1000  tons  was  made  in  the 
weight  of  the  7500-ton  concrete  tankers  built,  meaning  that  a  thousand 
tons  more  cargo  could  be  carried  by  the  ship.  From  the  results  of  the 
carefully  conducted  investigations,  and  tests,  methods  were  selected  which 
were  to  be  used  in  the  construction  of  the  concrete  ships  and  specifications 
were  written.  However,  as  no  previous  work  of  this  kind  had  been  done 
conditions  often  arose  in  the  field  which  made  it  necessary  for  the  engineer  . 
in  charge  to  change  methods  previously  decided  upon  and  substituted 
others. 

Designs  for  three  diflferent  tj^pes  of  ships  were  made.  First  a  cargo 
carrying  vessel  of  3500  tons  d.w.  and  modelled  along  the  lines  of  the  3500 
tons  d.w.  Ferris  type  wood  ship, — 282  ft.  in  length  and  46  ft.  beam.  These 
vessels  were  coal  burners  with  1400  hp.  engines  located  amidships,  using 
the  same  machinery  that  was  used  in  the  3500  ton  wood  ships  built  by 
the  Emergency  Fleet  Corporation.  They  were  designed  for  10l^  knots 
speed.  Two  ships  of  this  type  were  built  at  Wilmington,  N.  C,  the  "Cape 
Fear"  and  the  SS  "Sapona."  The  second  design  was  for  an  oil  tanker  of 
7500  tons  d.w.,  434  ft.  3  in.  in  -  length,  54  ft.  beam.  This  type  Was 
outfitted  with  oil  burners  with  2800  hp.  engines  located  amidships  and 
designed  for  a  speed  of  10^2  knots.  Eight  ships  Avere  built  on  this  design, 
two  at  Jacksonville,  Fla.,  two  at  Mobile,  Ala.,  two  at  San  Diego,  Cal.,  and 
tw^o  at  San  Francisco,  Cal.  The  third  design  was  for  a  7500-ton  cargo 
boat.  Construction  work  on  two  of  these  was  started,  one  at  Mobile, 
and  one  at  San  Francisco.  These  ships  were  not  completed  oAving  to  an 
order  received  by  the  Shipping  Board  soon  after  the  signing  of  the 
armistice  to  discontinue  all  new  ship  construction. 

In  addition  to  the  above  standard  designs  two  other  concrete  cargo 
vessels  were  built  by  the  Shipping  Board.  The  "Atlantus"  3000  tons  d.w. 
built  at  Brunswick,  Georgia,  at  the  Liberty  Shipbuilding  Company's  Yard, 
and  the  "Polias"'  3500  tons  d.w.  built  at  the  Fougner  Yard  at  Flushing 
Bay,  Long  Island,  N.  Y. 

The  first  work  of  construction  was  done  on  the  "Atlantus"  at  Bruns- 
wick,_Ga.,  in  the  Spring  of  1918.  The  work  on  the  "Polias"  was  started 
soon  after  the  "Atlantus."  These  two  ships  were  well  along  towards  com- 
pletion before  work  was  started  on  the  remainder  of  the  concrete  ships  on 
the  construction  program  and  were  used  somewhat  as  experimental  sta- 
tions. New  methods  were  tried  out  and  when  found  satisfactory  the  same 
methods  were  used  later  on  the  other  ships  being  built.  The  difficulty  of 
executing  this  work  was  added  to  by  the  fact  that  no  work  of  this  kind 
had  ever  been  done  before,  therefore,  mechanics,  foremen  and  Superin- 
tendents were  without  previous  experience.  None  of  them  had  even  seen 
a  concrete  ship  as  these  were  the  first  ocean  going  concrete  ships  in  the 
world,  except  the  "Faith"  which  was  built  at  about  the  same  time,  con- 
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sequently  all  portions  of  the  work  iisiiall}^  left  to  foremen  had  to  be  super- 
vised by  engineers,  who  themselves  had  only  theoretical  knowledge  of  tlie 
procedure  to  be  followed.  JNIen  who  had  had  experience  in  reinforced- 
concrete  building  and  bridges  and  other  concrete  structures  could  be 
obtained  but  the  details  of  this  work  differed  greatly  from  any  on  which 
they  had  been  previously  employed,  greater  accuracy  being  required. 

To  avoid  the  danger  of  the  possibility  of  the  corrosive  action  of  salt 
.water  on  the  reinforced  steel  all  rods  had  to'be  so  placed  that  they  would 
have  a  covering  of  at  least  i/4  in.  of  concrete  when  the  forms  were 
removed.  The  rods  which  had  been  previously  carefully  bent  to  the  exact 
curves  required,  from  templates,  had  to  be  placed  with  extreme  care  in 
order  that  they  would  follow  the  curve  of  the  outside  forms  and  remain 
14-in.  distant  therefrom  and  still  be  retained  in  the  limited  space  of  the 
form  allowed  for  the  member.  It  can  readily  be  seen  that  an  error  in  the 
bending  of  the  rod  or'  placing  would  bring  the  steel  in  contact  with  the 
forms  leaving  it  exposed  when  the  forms  were  removed,  or  the  mem- 
ber increased  in  size  and  weight  added  to  the  ship  by  the  necessity  of 
adding  excess  concrete  to  cover  the  rods  incorrectly  placed.  Another 
feature  which  added  to  the  difficulty  of  placing  the  rods  in  the  frames 
(ribs)  and  other  upright  members,  was  the  fact  that  none  of  these  upright 
rods  were  vertical  on  the  ships  which  were  to  be  launched  by  stern  launch- 
ing. All  upright  members  which  were  to  be  vertical  after  the  ship  was 
launched,  such  as,  frames,  bulkheads,  etc.,  were  built  at  right  angles  to 
the  keelsons,  and  axis  of  the  ship,  and  as  the  axis  of  the  ship  was  parallel 
to  the  ways  which  had  an  inclination  from  the  horizontal  of  %  iff.  to  a 
foot,  it  follows  that  these  upright  members  would  have  the  same  angle 
with  the  vertical,  namely  %  in.  to  a  foot,  and  that  all  rods  and  forms 
would  have  to  be  placed  at  this  angle  during  construction.  No  difficulty 
was  experienced  in  placing  the  forms  as  the  carpenters  were  accustomed  to 
installing  work  at  any  angle  by  means  of  a  straight  edge  and  plumb  line, 
Init  to  mechanics  placing  reinforcing  steel  such  accuracy  was  something 
to  which  they  had  not  been  accustomed  and  some  difficulty  was  at  first 
experienced  in  impressing  ujion  them  the  necessity  of  the  extreme  care 
required  in  this  work. 

The  first  ships  built  were  for  stern  launching.  Those  built  later  and 
all  of  the  oil  tankers  were  constructed  for  side  launching  which  simplified 
the  work  of  placing  reinforcing  steel  and  forms.  Owing  to  the  side  launch- 
ing ways,  being  laid  horizontal,  and  as  the  axis  of  the  ship  was  parallel 
to  ways,  all  members  of  the  ship's  structure  were  horizontal  or  vertical. 
In  order  that  concrete  work  might  be  carried  on  throughout  the  year 
climatic  conditions  were  taken  into  consideration  in  selecting  cities  for  the 
yards  in  which  these  ships  were  to  be  built.  Two  yards  were  located  on 
the  Pacific  Coast,  the  remainder  situated  in  the  South  with  the  exception 
of  one  located  on  Long  Island,  N.  Y.  That  work  could  be  more  economi- 
cally done  at  a  location  in  a  mild  climate  was  demonstrated  at  the  one 
yard  situated  in  the  North  where  we  were  subjected  to  an  extra  expense 
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for  housing  in  a  portion  of  the  work  during  the  winter  and  establishing  a 
temporary  heating  plant  to  prevent  freezing  of  completed  work,  and  were 
also  obliged  to  heat  aggregates  and  water  uSed  in  the  concrete. 

It  is  the  opinion  of  the  writer  that  concrete  ships  can  be  more  eco- 
nomically built  on  the  Pacific  Coast  where  w^e  have  neither  extremes  of 
heat  or  cold.  The  work  on  all  the  ships  was  similar  with  only  light  varia- 
tions. A  description  is  given  here  of  the  methods  followed  in  the  con- 
struction of  the  "Polias"  built  at  Flushing  Bay,  Long  Island,  N.  Y. 


FIG.    1. — LAYING   OUT   THE   WATEK-LINE   PLAN  FOR   THE   "POLIAS. 


Moj>D  Loft  Work. 

The  first  work  done  was  to  prepare  the  ways  on  which  the  ship  was  to 
lie  built.  While  the  ways  were  being  constructed,  work  was  in  progress 
in  the  mold  loft  and  carpenter  shop.  The  mold  loft  work  was  similar  to 
tJiat  in  a  shipyard  for  steel  or  wood  ships.  Water  lines  and  a  body  plan 
were  laid  down  full  size  enlarged  from  a  quarter-inch  scale  drawing,  then 
faired  up  to  true  curve.  These  two  plans  were  simply  horizontal  and 
vertical  projections  of  the  ship  taken  at  the  intervals  mentioned,  the  body 
plan  being  the  vertical  projection  at  the  frames  (ribs),  and  the  water  line 
plan  being  the  horizontal  projection  of  the  outer  surface  of  the  ship  at  its 
intersection  with  the  water,  taken  at  3  ft.  intervals,  in  this  case.  The 
mold  loft  was  laid  off  in  4  ft.  cross  sections  corresponding  to  the  frames 
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(ribs)  of  the  ship,  which  were  4  ft.  on  centers.  Lines  were  laid  down  for 
the  1  ft.  6  in.  water  line,  the  3  ft.  water  line,  and  then  at  intervals  of 
3  ft.  until  the  deck  was  reached. 

These  were  faired  up  and  transferred  to  the  body  plan,  which  was 
laid  off  with  sections  through  the  ship  for  each  4  ft.  at  the  frames  (ribs), 
as  usual,  only  one-half  of  the  plan  being  necessary  for  water  lines,  the  aft, 
and  fore  body  plans.  The  port  side  was  used  for  this.  From  the  lines  of 
the  body  plan,  templates  were  taken  off  at  each  frame  (rib),  following 
the  outside  lines  from  the  center  line  to  the  deck,  allowance  being  made 
for  the  %  in.  thickness  of  the  sheathing  for  the  outside  forms.  These 
templates  were  taken  to  the  carpenter  shop,  fitted  to  bents  previously  made 


FIG.    2. — BUILDING   FORMS   FOR    SIDES   AND   BOTTOM. 
Note  16-Ft.  Panels  and  Double  Stringers  for  Removing  Panels  and  Bottoms. 


up  for  each  frame  from  detail  plans,  and  the  lines  of  the  ship  marked 
off  with  a  pencil  from  the  template  on  the  outer  board  of  the  bents,  which 
was  then  cut  to  the  curve,  making  the  form  complete  (see  Fig.  3)  and 
ready  to  set  up  on  the  ship.  The  completed  bents  were  taken  to  the  ship 
and  carefully  set  up  to  the  proper  line  and  angle  by  the  engineers.  (The 
frames  of  a  ship  are  sometimes  called  the  ribs. ) 

The  deck  line  and  center  line,  which  w,ere  marked  on  the  bents,  were 
used  for  adjusting  the  bents  for  line  and  grade  when  setting.  All  bents 
had  the  same  angle,  from  a  vertical  line,  as  the  inclination  of  the  ways 
from  a  horizontal  line  (%  in.  to  a  foot).  Templates  for  the  inside  forms 
were  taken  from  tlic  body  plan  on  stiff  mold  loft  paper,  allowance  being 
made   for  5   in.  thickness  of  the  shell.     The   inside  forms   for  the  bottom 
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frames,  keelsons  and  bilge  ciirve  were  made  by  adjusting  boxes,  boxes 
being  made  to  accurate  sizes,  from  these  paper  templates.  One  and  one- 
quarter  inch  spruce  was  used  for  the  inside  forms.  Templates  for  the 
location  of  all  inserts  or  anchor  bolts  were  also  made  in  the  mold  loft 
from  full  sized  drawings  on  the  mold  loft  floor  showing  the  exact  location 
of  the  machine  or  portion  of  the  outfitting  to  be  attached  by  the  insert. 
These  had  to  be  very  accurately  located,  as  they  could  not  be  moved  after 
concreting.  There  are  approximately  5000  inserts  in  the  boat,  being  the 
bQlts  for  anchoring  machinery,  mast  tables,  deck  stanchions,  pads,  deck 
rails,  shrouds,  etc. 


FIG.    3. — TEMPLATES   USED  IN  MABKING  LINES   ON  BENTS  IN   CARPENTER   SHOP. 


On  the  completion  of  the  ways,  work  was  immediately  started  on 
blocking  up  for  the  ship.  Seven  lines  of  longitudinal  stringers  were  blocked 
up  from  the  ways,  one  under  the  center  keelson  and  under  each  side  keel- 
son, and  four  lines  of  6  x  6  in.  stringers  supported  on  6  x  6  in.  posts,  space 
being  left  between  the  posts  to  insert  the  sliding  ways  after  the  bottom 
forms  were  stripped,  this  gave  longitudinal  supports  every  6  ft.  for  the 
bottom  forms.  On  these  longitudinal  supports,  transverse  stringers  2x6 
inches  were  placed  2  ft",  on  centers,  except  under  bulkheads,  where  they 
were  placed  1  ft.  on  center.  These  stringers  were  inclined  to  the  center 
with  a  6  in.  drop  to  conform  with  the  dead  rise  of  the  ship.  The  stringers 
and   posts   were    doubled   at    intervals    of    16    ft.,    so   that   they    could    be 
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remoA"e(i  for  a  space  of  16  ft.  in  width  across  the  hottom  of  the  ship,  when 
stripping  forms,  painting,  and  reblocking. 

Levels  were  taken  daily  on  bench  marks  located  on  the  forms,  and 
the  wedges  under  the  blocking  driven  up  when  any  settlement  was  indi- 
cated. A  very  slight  settlement  would  have  caused  cracking  in  the  green 
concrete.  Any  settlement  of  the  foundations  of  the  ways  from  overloading 
was  taken  care  of  in  their  design,  also  any  slight  crushing  of  the  timbers 
of  the  supports  or  forms  was  taken  care  of  in  the  design.  However,  settle- 
ment due  to  shrinking  of  the  timbers  in  the  stringers  and  other  supports 
could  not  be  prevented.  This  was  reduced  to  a  minimum  by  endeavoring 
to  have  as  few  horizontal  timbers  for  supports  as  possible,  using  vertical 
timbers  or  posts  when  practicable,  which  of  course  have  less  shrinkage 
than  horizontal  timbers.  By  constant  watch  on  the  levels  and  wedges  all 
settlement  was  prevented.  The  supports  and  blocking  under  the  ship  had 
to  be  set  and  carefully  replaced  three  times  during  the  construction  of 
the  ship.  First,  when  removing  the  bottom  forms  this  was  done  by  remov- 
ing the  supports  and  forms  for  a  space  of  16  ft.  wide  across  the  entire 
bottom  of  the  ship.  The  panels  of  the  forms  had  been  made  in  16  ft. 
lengths  to  allow  for  this  removal.  The  blocking  and  posts  were  then 
replaced  in  the  16  ft.  space  and  wedged  up  to  the  new  concrete  forming 
the  bottom  of '  the  ship.  The  next  16  ft.  space  was  then  treated  in  a 
similar  manner  and  so  on  until  the  entire  ship  had  been  gone  over  and 
new  blocking  set  %  in.  higher  to  fill  in  the  space  previously  occupied  by 
the  bottom  forms.  A  similar  operation  was  performed  when  painting  the 
bottom  and  still  another  when  the  lilocking  was  finally  removed  and  the 
sliding  ways  for  launching  placed  under  the  ship.  During  these  oiDerations 
settlement  had  to  be  constantly  guarded  against.  The  above  description 
illustrates  the  extreme  care  necessary  throughout  the  construction  of 
the  ship. 

FOEMWOEK. 

On  Aug.  20,  19.18,  the  first  work  was  done  on  the  ship,  when  the 
scaffolding  for  the  outside  forms  was  erected  at  the  midship  sections.  The 
bents  for  the  scaffolding  at  midships  were  rectangular  and  made  up  in  the 
carpenter  shop  from  details  and  accurately  placed  in  position  on  the  ways, 
being  bolted  to  holes  left  in  the  concrete  beams  of  the  ways.  Fillers  cut 
to  the  proper  curve  of  the  bilge,  which  was  a  .3  ft.  radius,  were  then 
fitted  in  tarlgent  to  the  bottom  stringers  at  one  end  and  tangent  to  the 
inside  of  the  scaffolding  at  the  other,  thus  making  a  support  for  the  out- 
side forms,  which  had  the  mold  of  the  ship  at  this  section.  The  scaffold- 
ing, which  formed  a  mold  for  the  outside  forms  at  the  curved  sections  of 
the  boat,  fore  and  aft,  had  pieces  cut  to  the  accurate  curve  of  the  boat 
at  each  frame,  which  were  fitted  on  to  bents  in  the  carpenter  shop,  from 
templates  made  in  the  mold  loft,  as  previously  explained.  The  sheathing 
for  the  outside  forms  was  carried  along  as  the  bents  were  erected,  whicli 
was  composed  of  %-in.  T.  &  G.  flooring  3  in.  wide.  The  sheathing  was 
made  up  into  panels  16  ft.  long  and  'A  ft.  wide  for  the  bottom,  and  straight 
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sides  for  midsliiiJ  section.  The  sheathing  for  the  curved  portions,  fore 
and  aft,  could  not  be  made  up  of  panels  and  was  fitted  in  piece  by  piece 
to  conform  with  the  lines  of  the  ship.  The  sheathing  for  the  bottom  and 
bilge  curves  was  so  placed  that  the  concrete  was  molded  to  the  lines  of  the 
ship  when  stripped,  but  just  above  the  bilge  curve  at  the  6  ft.  water  line, 
the  outside  forms  were  made  to  project  in  i/o-inch  making  an  offset  in  the 
concrete  when  the  forms  were  removed.  This  space  was  filled  in  with 
mortar  from  a  cement  gun  and  brought  flvish  with  the  outside  of  the 
sh'ip  at  the  bilge  and  given  a  float  finish  with  a  metal  trowel,  thus  doing 


FIG.    4. BENDING    STEEL   FOR   FRAMES    OK    RIBS. 

away  Avith  disfiguring  board  marks  for  the  forms.     The  "Polias"  was  the 
only  ship  treated  with  this  stucco  finish.    The  results  were  satisfactory. 

Steelwork. 


The  work  of  bending  steel  was  started  on  Aug.  30,  1918.  The  bottom 
rods  were  60  ft.  in  length  and  designed  with  a  4  in.  hook  on  each  end. 
The  bending  of  these  hooks  proved  to  be  very  satisfactory  with  Koehring 
benders,  with  cogs  and  ratchet  attachments.  When  the  work  was  started, 
there  were  only  two  benders  on  the  work,   one  Koehring  bender  and  the 
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other  an  ordinary  lever.  Out  of  the  first  forty  hooks  bent,  six  were 
broken  with  the  lever  bender,  while  the  Koehring  bender,  working  on  the 
other  end  of  the  same  rod,  had  not  broken  any.  All  of  the  steel  was 
high  carbon  intermediate  steel,  being  high  in  tensile  strength  but  rather 
brittle  and  springy  and  extremely  hard  to  bend  to  the  exact  shapes.  The 
bottom  rods  1^/4  in.  in  diameter  were  the  first  steel  to  be  installed  in  the 
boat.  They  were  laid  4  in.  on  center  and  lapped  30  diameters,  with  a 
hook  on  each  end. 

No  attempt  was  made  to  wire  the  laps,  but  they  were  kept  one  incli 
apart,   allowing  the  concrete  to  flow  between  the  laps.     The  rods  on  the 


FIG.   5. SHOWING  SHELL   STEEL  ON  BOTTOM,  LONG  EODS  IN- CENTER   ARE  FIRST 

RODS   OF   KEELSON. 


bottom,  and  up  to  the  bilge,  were  placed  on  precast  cement  blocks,  4  in. 
square  and  1  in.  thick,  with  a  groove  in  the  edge  to  give  the  blocks  addi- 
tional bond  with  the  concrete.  The  blocks  on  the  side,  up  to  the  bilge, 
were  cast  with  wire  embedded  in  them,  which  was  lapped  around  the  rod 
to  hold  the  block  in  place  and  the  rod  away  from  the  outside  forms. 
These  blocks  prevented  the  steel  from  resting  on  the  forms  and  allowed 
the  concrete  to  flow  under  the  rods.  The  shell  steel  was  composed  of 
V2  in.  and  %  in.  square  deformed  bars  laid  diagonally,  4  in.  on  centers. 
There  were  four  layers  of  this  diagonal  steel  in  the  shell.  The  two  outside 
layers  extended  from  the  bottom  up  and  interlaced  with  a  similar  .'4tocl 
of  the  bulwarks.     The  two  inside  layers  extend  across  the  bottom  of  the 
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ship,  up  the  inside  of  the  shell  and  bent  over  and  were  interwoven  with 
the  deck  reinforcing  steel. 

The  inner  and  outer  diagonal  shell  steel  was  separated  by  a  1%  in. 
rod,  being  the  first  rod  of  the  frames.'  The  outside  diagonal  shell  steel 
differed  from  that  of  the  bottom,  in  that  instead  of  being  supported  on 
precast  blocks,  it  was  nailed  directly  to  the  forms,  above  the  6  ft.  water 
line,  where  the  forms  projected  in  one-half  inch,  as  before  mentioned. 
When  removed,  the  steel  was  exposed  in  the  concrete,  it  was  then  covered 
and   protected    with   a   half   inch   coat   of   gunite.      The   "Polias"   was   the 


FIG.    G. — LOOTvING    AFT    SHOWITs'G    STEELWORK    AND    FRAME    STERN    FRAME 

PARTLY    SET. 

All  Steel  Was  Accurately  Placed   by  Steel  Tape  Measurement. 


only  ship  built  with  diagonal  shell  steel.  The  other  ships  were  designed 
with  the  shell  steel  parallel  with  and  at  right  angles  to  the  axis  of  the 
ship.  The  steel  for  the  frames  was  composed  of  l^^  in-  deformed  square 
bars,  stirrups  for  the  same  having  been  made  from  %  in.  deformed  square 
bars.  It  was  necessary  to  bend  the  1%  in.  bars  very  accurately,  in  order 
to  get  the  required  number  in  the  assembled  frame  or  rib  and  not  to 
exceed  the  space  allowed  for  the  same,  as  any  increase  in  the  size  of  the 
frame  would  necessarily  increase  the  weight  of  the  boat.  The  bending  for 
these  bars  was  done  on  a  large  bending  table,  made  of  oak  planks,  bolted 
to  the  frame  of  the  table  at  a  convenient  height  for  working. 

A   space  of  %   in.  was  left  between  each  plank,   in  which  were  fitted 
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dogs  with  a  thread  and  clamp  running  in  the  space  between  the  planks. 
Templates  taken  from  the  body  plan  in  the  mold  loft  were  laid  on  the 
table,  and  the  exact  curve  of  the  frame  desired  marked  in  chalk.  A  b.ar 
of  steel  was  then  laid  along  the  line  and  the  dogs  adjusted  to  it.  Two 
men  forced  one  end  of  the  bar  around  the  curve,  which  was  marked  by  the 
inside  dogs,  then  the  outside  dogs  were  clamped  up  to  it  and  the  curve 
continued  until  the  bar  had  the  shape  desired.  The  intermediate  steel 
used  contained  a  very  high  degree  of  carbon,  making  the  bars  very  elastic 


Fig.  7. — details  showing  shell  steel,  frame  steel  between  shell,  and 
first  stud  for  side  keelson. 


and  difficult  to  bend  to  an  exact  curve.  It  was  necessary  for  the  end  to  be 
taken  far  beyond  tlie  chalk  mark  laid  down  on  the  tables  then,  as  the 
pressure  was  removed,  it  would  spring  back  to  nearly  the  right  position; 
if  not,  it  was  again  bent  until  it  liad  tlie  exact  curve  of  the  frame.  After 
a  few  days'  work  on  the  table,  the  men  became  very  proficient  in  estimating 
the  amount  of  spring  the  bars  had,  and  very  little  time  was  lost  by  excess 
bending.  Tn  bending  these,  there  was  a  tendency  for  the  square  bars  to. 
twist  and  bend  on  the  diagonal  making  them  oct'upy  more  space  in  the 
frames  than  was  intended. 
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It  would  recommend  in  future  work  that  plain  round  bars  be  used, 
also  a  degree  of  steel  with  less  carbon  (structural  grade  only).  It  was 
impossible  to  obtain  this  grade  of  steel  during  the  construction  of  the 
boat,  owing  to  war  conditions.  Some  of  the  bars  for  the  large  beams 
and  keelsons  were  bent  on  this  table,  although  the  Koehring  machine 
(previously  described)  was  used  for  the  majority  of  the  beam  and  keelson 
steel.  After  bending  the  steel  for  all  frames,  keelsons  and  girders  for 
ha£ch  coamings,  it  was  tagged  and  marked  before  taken  to  the  boat,  where 
it  was  assembled  and  placed  before  the  forms  were  erected.  Later  on  a 
machine  bender  operated  by  comj)ressed  air  was  used  instead  of  hand 
bending. 

The  steel  for  the  deck  beams,  pilasters  and  for  the  bulkheads  Avas 
assembled  outside  of  the  boat  and  placed  in  the  forms  already  erected. 
After  the  steel  for  the  frames,  beams  and  keelsons  had  been  carefully  bent 
on  the  table  and  taken  to  the  boat,  it  was  accurately  put  in  place,  meas- 
urements being  taken  with  steel  tape  to  locate  each  beam,  frame,  girder, 
keelson,  etc.  None  of  the  steel  for  the  frames  of  bulkheads  could  be 
laid  vertical,  owing  to  the  fact  that  they  were  perpendicular  to  the  keel- 
sons and  the  bottom  of  the  boat,  which  naturally  had  the  same  inclination 
as  the  ways  to  a  horizontal  line  (%  in.  to  1  ft).  This  caused  the  steel 
in  the  frames  to  have  the  same  angle  (from  a  vertical  line)  as  the 
inclination  of  the  ways.  This  added  to  the  difficulty  in  laj'ing,  so  that 
the  entire  work  could  not  be  trusted  to  ordinary  foremen  or  mechanics, 
but  was  supervised  by  an  engineer  who  was  constantly  on  the  work  with 
tape  and  instruments.  All  forms  also  Avere  erected  under  the  direct 
supervision  of  the  same  engineer.  This  accuracy  was  carried  on  through- 
out the  boat  in  every  operation.  Many  things  usually  left  to  foremen 
and  mechanics  were  conducted  directly  by  engineers.  The  designer  of  the 
steel  work  was  constantly  on  the  work  during  its  erection. 

Concrete  Work. 

The  concrete  used  in  the  ship  was  composed  of  Dexter  cement, 
reground  especially  for  the  Shipping  Board,  90  percent  passing  through 
a  200-mesh  sieve.  What  is  known  as  Steer's  gravel  was  used  for  the 
coarse  and  fine  aggregate.  The  gravel  was  dredged  from  the  Long  Island 
Sound  at  Huntington,  Long  Island,  50  percent  of  that  used  had  passed 
through  a  half  inch  screen  and  held  on  a  ^  in.  screen  and  50  percent 
through  a  i^  in.  screen  and  held  on.  %  in.  screen.  This  was  washed  and 
remixed  in  the  above  proportions  for  the  coarse  aggregate.  A  test  of  this 
showed  35  percent  voids.  The  sand  was  dredged  at  the  same  time  and 
was  washed  and  screened  from  the  gravel.  It  was  well  graded  from  a 
(juarter  inch  down  to  fine. 

The  "Polias"  was  the  only  ship  built  in  which  sand  and  gravel  was 
used  for  the  aggregate,  it  having  been  impossible  to  obtain  at  that  time 
the  light  aggregates  of  which  the  concrete  in  other  ships  was  composed. 
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The  amount  of  water  used  in  batches  was  carefully  measured  by, a  com- 
paratively new  method  as  follows.  Cylinders  6  in.  in  diameter  and  12  in. 
in  height,  open  at  both  ends,  made  of  waxed  cardboard,  were  filled  with 
concrete  taken  from  the  hopper  as  the  batclies  left  the  mixer.  They  were 
placed  vertically,  with  one  open  end,  on  a  platform,  the  concrete  then 
settled  by  vibrating  the  outside  of  the  cylinders.  The  upper  end  was 
struck  off  flush  with  top  of  cylinder,  and  any  excess  concrete  thrown 
away.  Then  the  cylinders  were  raised  slowly,  allowing  the  concrete  to 
How  out  on  the  platform  at  the  lower  end,  leaving  a  cone  of  concrete, 
the  height  of  which  necessarily  depended  on  the  amount  of  water  in  the 
mixture.  It  was  found  from  experience  that  a  cone  from  3  to  4  in.  in 
height  gave  a  concrete  that  was  about  as  stiff  as  could  be  used  by  the 
ordinary  workman  and  at  the  same  time  being  sure  of  getting  it  thor- 
oughly settled  around  the  intricate  mass  of  reinforcing  steel,  with  a 
reasonable  amount  of  inspection.  In  laboratory  work,  or  work  done  by 
skilled  concrete  engineers,  concrete  stiff 'enougli  to  give  a  cone  of  6  to 
10  in.  in  height  could  be  used,  but  as  before  stated,  laborers  could  not 
be  trusted  to  place  concrete  stiff  enough  to  produce  cones  higher  than 
4  in.,  without  leaving  voids  between  the  steel.  It  is  a  well  known  fact 
that  dry  concrete  will  develop  greater  compressive  strength  than  wet 
concrete,  and  as  the  height  of  these  cones  depended  on  the  amount  of 
water  in  the  mixture,  it  naturally  follows  that  the  greater  the  height  of 
the  cone,  the  stronger  the  concrete.  This  fact  was  borne  out  in  later 
tests.  However,  a  certain  amount  of  the  strength  has  to  be  sacrificed  in 
the  actual  work  by  using  a  mixture  that  is  fluid  enough  for  the  laborers 
to  settle  around  the  reinforcing,  instead  of  spreading  over  the  bars,  leav- 
ing voids  between  them.  From  my  observation,  a  3  to  4  in.  cone  gave  the 
best  results  on  the  work,  providing  the  forms  were  vibrated  with  pneu- 
matic hammers,  which  will  be  described  later. 

The  water  in  the  mixer  was  measured  by  an  automatic  device,  which 
would  allow  only  a  certain  amount  of  water  in  the  mixer  without  chang- 
ing the  adjustment.  Having  determined  the  height  of  cone  desired,  the 
water  measuring  device  was  adjusted  until  a  concrete  was  obtained  which 
would  give  this  height  of  cone.  This  method  can  be  used  in  a  dry  or 
moist  climate,  or  with  aggregate  saturated  with  rain  water,  and  by 
simply  obtaining  the  same  height  of  cone,  we  can  be  siire  of  obtaining 
concrete  of  the  same  consistency  in  any  part  of  the  country,  so  that  com- 
parisons can  easily  be  made  of  mixtures  for  tests.  The  time  required 
to  raise  the  cylinder  from  the  concrete  should  be  the  same  in  all  tests  to 
get  a  true  comparison,  as  the  rapidity  with  which  the  cylinder  is  removed 
from  the  concrete  tends  to  regulate  the  height  of  the  concrete  cone  left. 
Very  good  results  were  obtained  by  allowing  ten  seconds  for  the  raising  of 
the  cylinder,  same  having  been  measured  by  a  watch.  As  a  matter  of 
fact,  the  records  on  file  of  these  tests  do  not  give  the  height  of  the  cone, 
but  the  reciprocal;  that  is,  the  height  of  the  cone  subtracted  from  tlie 
height  of  the  cylinder    (12  in.  in  this  case),  calling  it  the  drop.     I  found 
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that  this  only  tended  to  complicate  the  records  and  that  even  some  of  the 
engineers  were  confused  in  regard  to  the  height  of  the  cones  and  the  drop, 
as  the  reciprocal  is  called.  These  heights  were  taken  once  an  hour  and 
at  the  same  time  other  cylinders  were  filled  with  concrete  and  set  aside 
to  harden  for  a  28  day  compression  test  on  the  compression  testing 
machine.  In  keeping  a  record  of  the  cylinder  broken,  the  height  of  the 
corresponding  cone  was  also  kept.  Tests  showed  that  there  was  a  fixed 
relation  between  the  height  of  the  cone  and  the  strength  of  the  cylindei^s. 

This  method  of  measuring  the  consistency  of  the  concrete  is  far  better 
for  obtaining  comparative  tests  of  strength  of  field  concrete  mixed  in  the 
dift^erent  parts  of  the  country  than  the  old  practice  of  specifying  a  certain 
numbers  of  gallons  of  water  for  each  batch  or  a  certain  percentage  of  the 
weight  for  water,  as  the  moisttire  in  the  aggregate  is  taken  into  considera- 
tion in  this  new  method.  In  the  field,  of  covirse,  it  is  impossible  to  have 
the  aggregate  baked  as  in  laboratory  work. 

The  average  compression  strength  of  the  cylinders  made  from  con- 
crete used  in  the  bottom  pouring  was  4900  lb.  after  28  days;  the  average 
compression  strength  of  cylinders  made  of  concrete  used  in  the  shell  was 
5100  lb.  after  28  days.  Maximum  strength  obtained  in  any  cylinder  was 
U300  lb.  per  sq.  in.  after  28  days. 

The  intricate  mass  of  reinforcing  steel  in  the  forms,  both  in  the  out- 
side shell  and  the  frames  and  beams,  and  in  fact  the  entire  ship,  made  the 
question  of  tamping  or  settling  around  the  steel  without  leaving  voids  one 
of  great  importance.  A  very  dense  concrete,  and  one  thoroughly  settled 
around  all  of  the  steel,  was  obtained  by  the  use  of  pneumatic  hammers 
or  chippers,  in  which  were  inserted  a  small  steel  bar  with  the  end  upset 
to  vibrate  on  the  outside  of  the  wooden  forms.  The  length  of  the  tool 
or  bar  used  varied  from  1  to  3  ft.,  the  long  ones  being  used  near  the 
stern  and  on  the  deep  deck  beams.  The  best  results  were  obtained  by 
vibrating  the  outside  forms  of  the  shell  from  the  inside  of  the  boat. 
The  concrete  was  poured  in  the  shell  through  3  ft.  panels  from  the  inside. 
The  hammers  then  were  used  to  vibrate  on  the  inner  surface  of  the  out- 
side forms  through  the  opening  for  the  panel,  and  also  on  the  inside 
forms.  The  bottom  concrete  was  settled  by  vibrating  the  bottom  forms 
from  the  inside  about  one  foot  ahead  of  the  fresh  concrete.  The  deep 
forms  that  were  difficult  to  reach;  such  as  hatch  coamings,  up  around 
the  stern  frame  and  deck  beams,  were  vibrated  by  putting  the  long  tool 
directly  in  the  concrete  and  vibrating  the  bottom  of  the  forms,  in  all 
cases  great  care  being  taken  not  to  vibrate  the  steel. 

When  the  vibrating  was  started,  it  was  attempted  to  vibrate  the 
bottom  and  shell  from  both  inside  and  outside,  the  ship  being  cross 
sectioned  transversely.  The  frames  were  numbered  and  lettered  longi- 
tudinally dividing  the  ship  into  sections.  A  man  standing  on  the  upper 
platform,  noting  where  the  concrete  was  being  poured  and  vibrated  on 
the  inside,  transferred  this  information  to  the  men  vibrating  on  the  out- 
side by  a  megaphone.     However,  this  was  very  unsatisfactory  as  it  took 
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several  inspectors  to  keep  the  outside  man  informed  of  the  whereabouts  of 
the  fresh  concrete  on  the  inside,  and  even  at  that  there  were  times  when 
the  forms  were  vibrated  where  the  concrete  was  partially  set.  This  method 
was  in  use  for  only  a  few  hours,  when  we  resorted  to  the  method  first 
explained,  by  doing  all  vibrating  from  the  inside,  which  proved  to  be  just 
as  effective  and  much  more  satisfactory.  When  the  outside  forms  could 
not  be  reached  from  the  inside,  through  the  open  spaces  left  for  panels 
holes  were  bored  with  aiigers  large  enough  to  admit  the  vibrating  tool, 
which  was  pushed  through  to  the  inner  surface  of  the  outside  forms. 

The  types  of  pneumati'c  hammers  of  the  Ingersoll-Rand  make  were 
used  •  in  this  case;  the  N-1  type  of  6%  lb.  using  7  cu.  ft.  of  free  air. 
Experience  showed  that  a  larger  hammer  of  about  12  lb.  was  more  useful 
on  the  work,  as  they  are  powerful  enough  to  run  drills  for  ciitting  the 
concrete  away,  which  is  necessary  in  putting  in  additional  inserts.  They 
can  also  be  used  for  roughing  up  the  joints  where  new  concrete  is  to 
adjoin  the  old  concrete.  The  small  hammers  were  not  found  powerful 
enough  to  do  the  roughing  in  a  satisfactory  manner.  Also  the  larger  more 
powerful  hammers  were  found  very  convenient  in  making  concrete  force 
its  way  into  congested  places.  Concrete  that  was  poured  into  the  forms 
and  had  apparently  taken  its  level,  was  lowered  from  two  to  three  inches 
by  the  use  of  hammers.  Concrete  was  also  seen  to  move  at  least  fifteen 
feet  from  where  the  vibrating  was  being  done  on  the  forms.  This  vibrating 
proved  very  successful,  biit  like  all  other  careful  work  in  connection  with 
concrete  ships,  it  required  men  of  experience  to  give  it  the  proper 
inspection. 

The  mixture  used  in  the  concrete  was  one  part  Dexter  cement,  two- 
thirds  parts  Steers'  sand  and  one  and  one-third  part  Steers'  gravel,  and 
enough  water  to  leave  a  cone  of  from  three  to  four  inches  in  height.  The 
gravel  and  sand  were  carefully  measured  in  boxes  which  had  been  built  to 
the  exact  size  required,  no  wheelbarrow  measurement  being  permitted. 

Two  %-yd.  Ransome  mixers  were  used  on  the  starboard  side  of  the 
ship.  The  mixers  were  located  in  pits  at  the  foot  of  towers.  A  hopper 
was  placed  over  the  intake  of  the  mixers  on  level  with  the  ground,  so  that 
no  platforms  were  needed  to  elevate  the  material  before  placing  in  mixers. 
After  the  concrete  had  been  turned  approximately  one  minute  and  a  half, 
it  was  taken  in  a  skip  or  elevator  up  through  the  center  of  the  towers  to 
the  top,  where  a  metal  hopper  was  located,  from  which  it  was  carried 
through  steel  chutes  to  two  hoppers  in  the  inside  of  the  boat,  from  here 
it  was  conveyed  to  the  place  where  it  was  to  be  used,  in  wheelbarrows  or 
in  some  instances  in  buckets.  Coal  hods  were  also  used  and  found  very 
successful,  the  fl-at  nose  permitting  the  concrete  to  be  dumjjed  into  the 
narrow  forms  without  spilling.  Small  metal  hoppers  were  used  in  the 
bottom  frames  to  pour  the  concrete  in  to  prevent  it  from  fallii^  on  the 
bottom  of  the  boat. 

The  concrete  was  conveyed  to  the  sliell  tlirough  small  wooden  chutes. 
In   pouring  the  bottom  frames  and  sliell,  it  was  endeavored  to  bring  the 
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concrete  up  to  a  height  of  not  more  than  8  to  10  inches  all  around  the 
boat,  so  as  not  to  pour  any  layer  of  concrete  before  the  layer  below  had 
begun  to  set,  thus  making  a  monolith  without  construction  joints.  This 
object  was  accomplished  except  in  a  few  cases.  The  major  portion  of  the 
concrete  was  laid  in  three  operations.  The  first  pouring  was  on  Nov.  5 
and  6  for  the  bottom  and  up  to  the  center  of  the  longitudinal  girders 
at  the  6  ft.  water  line,  just  above  the  bilge,  where  the  joint  was  made. 
Thi^  consisted  of  431  cu.  yd.  and  was  laid  in  36  hours  of  continuous 
pouring,   the    men   working    in    twelve-hour    shifts    organized    as    follows : 

Fifteen  men  loading  and  transporting  cement  on  flat  cars  between 
cement  shed  and  mixers;  13  men  on  each  mixer  handling  sand,  gravel  and 
cement,  making  a  total  of  28  men  iirehandling.  The  worlc  Consisted  of 
loading  sand  and  gravel  into  measuring  boxes,  wheeling  and  dumping 
into  hopper  over  mixer,  and  adding  cement  and  water.  Two  men  on 
each  tower  at  hopper  Avorking  valve  and  unloading  skip;  two  men  at 
each  interior  hopper  in  bottom  of  boat  working  slide  gates  to  load  wheel- 
barrows; 16  men  wheeling  concrete  from  each  interior  hopper.  The 
interior  hoppers  were  arranged  with  two  openings  and  concrete  was  dis- 
charged in  both  directions  from  the  hoppers;  therefore,  the  16  men  were 
divided  into  8  men  ^vheeling  in  each  direction,  making  a  total  of  32  men 
wheeling  from  the  two  hoppers.  Twenty  pnuematic  hammers  were  used  in 
vibrating  the  forms,  a  man  on  each  hammer ;  carpenters  were  used  in 
this  case,  as  it  was  assumed  that  the  added  intelligence  of  the  mechanics 
would  more  than  compensate  for  the  additional  cost  over  using  laborers 
as  hammer  operators;  15  laborers  unloading  wheelbarrows  and  placing 
concrete  in  forms,  1  man  employed  continually  to  clean  excess  concrete 
dropped  on  runs  from  wheelbarrows. 

The  second  pouring  on  Nov.  25,  1918,  was  fdr  the  shell  from  the 
center  of  the  girder,  just  above  the  bilge  where  the  first  pouring  stopped, 
to  a  point  about  3  ft.  below  the  deck,  where  the  brackets  for  the  deck 
beams  began.     This  consisted  of  365  cu.  yd.  poured  in  31  hours. 

The  construction  joint  in  the  center  of  the  girder  was  roughened  by 
chippers  used  in  the  ijneumatic  hammers  to  remove  the  weak  film  formed 
on  top  of  concrete;  then  gone  over  with  the  air  hose  to  remove  dust, 
after  which  it  was  washed  imder  pressure  and  sprinkled  with  neat  cement. 
I  would  recommend  that  the  outside  forms,  for  a  width  of  2  to  3  ft.  be 
made  removable  along  the  line  of  a  proposed  joint,  to  allow  room  to  clean 
and  chip  the  concrete  that  has  been  previously  poured;  also  to  make  an 
opening  through  which  dust,  wire  and  other  rubbish  that  may  fall  from 
above  can  be  removed.  A  ridge  should  be  left  in  the  center  of  joint  for 
a  key  to  aid  in  making  it  water-tight.  To  prevent  construction  joints 
below  the  water  line,  I  would  recommend  continuous  pouring  of  the 
bottom  and  shell  to  the  deck.  The  third  pouring  for  the  deck  and  hatch 
coamings  on  Dec.  23  and  24,  1918,  consisted  of  289  cu.  yd.  of  concrete 
placed  in  14  hours.  The  decks  were  intentionally  left  rather  rough,  to 
give    a   better    bond    for    a    bituminous    finish    to    be    applied    later.      The 


100  Concrete  Ships. 

concrete  for  the  poop,  forecastle  and  bridge  decks,  bulwarks,  engine  tank 
tops  and  shaft  tunnel  was  poured  at  different  times.  The  aggregates 
were  heated  by  running  perforated  steam  pipes  through  the  piles  of  sand 
and  gravel,  for  all  the  concrete,  except  for  the  first  pouring.  The  water 
was  also  heated.  This  heating  had  a  noticeable  effect  on  the  height  of 
the  cones  obtained  to  test  the  amount  of  water  in  the  mixture.  Samples 
taken  at  the  mixer,  where  the  materials  were  hot,  showed  quite  a  fluid 
concrete,  giving  a  4  in.  cone.  However,  the  same  concrete,  after  getting 
cold  on  the  deck,  was  almost  too  stiff  to  place  in  the  forms. 

The  concrete  wall  around  the  top  of  the  engine  room  was  shot  with  a 
cement  gun.  This  did  not  give  satisfactory  results.  The  walls  j^agged 
before  the  concrete  set,  leaving  cracks  which  were  patched  on  the  face  by 
the  finisher  when  floating  the  green  surface.  When  the  back  panels  of  the 
wall  (which  were  used  as  forms)  were  removed,  after  the  concrete  had 
set,  these  same  longitudinal  cracks  or  openings,  caused  by  the  gunite  sag- 
ging, were  found  on  the  inner  side  of  the  walls  and  had  to  be  patched. 
Sand  pockets  were  also  found.  From  the  results  obtained,  I  could  no^ 
recommend  the  use  of  a  cement  gun  for  this  class  of  work,  as  sand  pockets 
are  bound  to  occur  with  such  an  intricate  mass  of  reinforcing.  I  am 
also  convinced  that  the  gunite  costs  more  for  a  thin  wall  than  poured 
concrete,  notwithstanding  the  saving  in  the  cost  of  the  forms. 

Painting. 

All  concrete  surfaces  were  given  one  coat  of  fluosilicate  and  two 
coats  of  Spar  Varnish,  applied  with  a  spray  under  air  pressure.  The  last 
coat  above  the  water  line,  on  the  outside,  and  on  the  bulwarks  and  hatch 
coamings,  contained  55%  Spar  varnish  and  45%  white  lead  by  weight, 
the  45%  of  white  lead  having  1%  of  black  carbon,  all  being  ground  in  a 
paint  mill.  The  combination  of  Spar  varnish  and  white  lead  is  said  to 
liave  three  times  the  elasticity  of  the  plain  Spar  varnish.  It  was  endeav- 
ored to  obtain  a  paint  with  as  much  elasticity  as  possible  to  prevent 
cracking  from  the  expansion  and  contraction  of  the  concrete.  The  con- 
crete of  the  first  ships  was  painted  inside  and  outside  as  described  with 
Spar  varnish  and  white  lead.  This  gave  very  unsatisfactory  results,  A 
short  time  after  painting  much  of  the  surface  had  blistered  and  peeled 
making  it  necessary  to  remove  the  paint  from  the  entire  outside  of  the 
hull  by  scraping  or  burning.  The  hull  was  then  painted  with  a  bituminous 
paint  which  adhered  to  the  concrete  and  gave  satisfactory  results.  The 
bottom  and  the  portion  of  the  sides  which  were  submerged  were  painted 
with  anti-fouling  paint.  The  bottom  of  the  "Latham"  when  drydocked, 
after  it  had  been  in  the  water  three  months  did  not  show  any  evidence 
of  having  been  painted,  the  anti-fouling  paint  having  disappeared,  leaving 
the  concrete  exposed,  which  was  in  excellent  condition  with  the  exceptions 
of  barnacles  adhering  to  it,  the  same  as  would  have  been  found  on  the 
bottom  of  a  steel  ship.     The  bottom  of  the  "Latham"  was  then  scraped 


CoNCEETE  Ships.  101 

free  from  barnacles  and  a  coat  of  a  preparation  mixed  by  the  writer 
applied,  which  Avas  composed  largely  of  crude  oil.  It  is  expected  that  this 
paint  may  prevent  the  accumulation  of  barnacles  to  some  extent.  The 
ship  has  riot  since  been  drydocked  so  an  opportunity  has  not  been  given 
to  examine  the  bottom  to  observe  the  effect  of  this  experimental  coat. 

The  concrete  of  all  ijiterior  surfaces  of  the  ships  including  bulkheads 
and  interior  surfaces  of  all  oil  tanks  in  the  tankers  were  treated  as  above 
described  with  fluosilicate  and  painted  with  Spar  Varnish.  It  is  the 
opinion  of  the  writer  that  this  was  an  expense  charged  against  the  ships 
which  might  have  been  saved,  as  the  concrete  in  the  bulkheads  ^and  oil 
tanks  proved  after  using  to  be  absolutely  oilproof  and  waterproof  owing 
to  the  dense  nature  of  the  concrete  obtained  by  using  extreme  care  in  the 
selection  of  the  materials  and  in  the  mixing  and  placing  of  the  same. 
Undoubtedly  the  use  of  pneumatic  hammers  in  vibrating  the  forms  to 
settle  the  concrete  aided  greatly  in  obtaining  this  dense  oil  proof  con- 
crete. When  portions  of  the  bottom  of  the  "Latham,"  which  also  formed 
the  bottom  of  oil  tanks,  were  cut  away  during  repairs  there  was  found 
to  have  been  no  absorption  of  the  oil  by  the  concrete  nor  the  slightest 
penetration  of  oil  notwithstanding  that  these  tanks  had  held  oil  under  a 
20  ft.  head  for  three  months.  This  was  thick  crude  oil  but  we  have  every 
reason  to  believe  that  similar  results  would  have  been  obtained  with  a 
thinner  oil. 

For  the  painting  of  concrete  ships  I  recommend  a  bituminous  paint 
for  the  exterior  of  the  hulls  and  that  only  such  exterior  surfaces  be 
painted  as  might  be  required  for  appearances  and  for  cleanliness,  such  as 
portions  of  the  engine,  boiler  rooms  and  quarters  and  that  no  paint  be 
supplied  to  the  bulkheads  and  oil  tanks.  Decks  are  somewhat  improved 
in  appearance  by  the  application  of  paint,  but  this  is  not  necessary. 

Work  Pkior  to  Launching  on  "Polias." 

It  was  necessary  to  install  certain  parts  of  the  outfitting  before 
launching;  such  as  the  rudder,  propeller,  tail  shaft,  stern  tube,  bitts, 
mooring  rings,  hatch  covers,  hand  steering  gear,  anchor  chains,  windlass, 
handrails  and  stanchions  for  poor  and  bridge  decks,  etc.  The  remainder  of 
the  machinery  was  installed  after  launching. 

A  launching  basin  650  ft.  in  length  and  120  ft.  in  width  was  dredged 
to  a  depth  of  22  ft.  at  hightide,  also  a  turning  space,  large  enough  to 
turn  the  ship,  and  a  channel  to  deep  water  was  dredged.  The  ship  was 
launched  with  the  fore  peak  and  chain  locker  filled  with  water  to  par- 
tially trim  it  while  being  launched.  The  ship  was  classified  by  Lloyd's 
Register  with  New  York  as  the  home  port.  A  freeboard  of  4%  in.  was 
allowed  by  Lloyds. 

The  installation  done  before  launching  on  the  other  ships  was  similar 
to  that  done  on  the  "Polias"  described  here. 
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Fenders. 

During  the  operation  of  the  ships  it  was  demonstrated  that  longi- 
tudinal timber  fenders  added  greatly  to  their  protection  from  shock  and 
abrasion  from  tugs,  docks,  piers,  etc.  I  would  recommend  three  rows  of 
longitudinal  fenders  from  the  deck  line  down,  composed  of  14  x  14  in.  oak 
or  3'ellow  pine  attached  in  such  a  manner  that  .when  a  fender  is  carried 
away  during  a  collision,  that  the  fastening  will  give  away  before  tearing 
out  a  portion  of  the  concrete  where  it  is  embedded,  causing  leaks  to 
develop.  Bill  irons  or  protection  plates  should  be  installed  on  the  bows 
to  take  the  abrasion  from  the  anchors,  and  anchor  chains  when  lowering 
and  raising  anchors.     The  tankers  and  most  of  the  ships  were  built  with- 
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out   fenders.    Had   these  been   included   in   the   original   installation  many 
minor  repairs  would  have  been  unnecessary. 


Voyages  and  Cargoes  Carried  by  Concrete  Ships  Completed. 

The  concrete  ships  completed  and  placed  in  commission  are  as  follows: 

'Tolias". — The  first  concrete  ship  built  by  the  Shipping  Board  to  be 
operated  and  carry  a  cargo  was  the  "Polias."  This  was  a  3500-ton  d.w. 
cargo  carrying  ship,  length  280  fet.  over  all,  beam  46  feet  6  inches,  coal 
burning  1400  hp.  engines, — speed  10 Y2  knots.  The  hull  was  built  at 
Fougner  Yard,  Flushing  Bay,  Long  Island,  N.  Y.,  during  1918  and  1919. 
The  outfitting  and  installation  of  machinery  was  done  at  Providence,  R.  1., 
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where  the  hull  was  towed  from  Flushing  Bay,  Long  Island.  When  the 
machinery  had  been  installed  and  outfittin-g  completed  the  ship  was  given 
a  sea  trial  and  passed  the  inspection  of  the  U.  S.  Steamboat  Inspectors 
and  Lloyd's  Registry.  After  sea  trial  the  ship  proceeded  to  New  York 
under  her  own  power  on  Oct.  15,  1919,  where  it  was  drydocked.  This  was 
her  first  sea  voyage.  It  was  then  leased  to  New  York  &  Porto  Rico  Steam- 
ship Corporation  for  coastwise  service  as  a  cargo  carrying  vessel  between 
poijits  on  the  Atlantic  Coast,  and  the  West  Indies.  After  drydocking  the 
vessel  sailed  from  New  York  to  Norfolk,  Va.,  empty  to  load  a  cargo  o! 
coal.  It  left  Norfolk  on  Dec.  17,  1919,  with  2035  tons  of  coal  for  Portland, 
Maine.  This  was  the  first  cargo  carried  by  any  of  the  concrete  ships 
built  by  the  Shipping  Board. 

From   Portland   it   proceeded   empty   to   Baltimore,   Md.,   loaded   2017 

tons  of  coal,  taking  the  same  to  Boston,  Mass. 
From  Boston  it  proceeded  emptj^  to  Norfolk,  loaded  2028  tons  of  coal 

for  Searsport,  Maine. 
Left  Searsport  empty  for  Norfolk,  loaded  2025  tons  of  coal  for  Sears- 
port,  Maine.     Delivered  cargo  at  Searsport  Feb.   6,   1920. 
Left  Searsport  for  Norfolk  empty  Feb.  7,  1920. 

On  the  night  of  February  7,  1920,  during  a  blinding  snow  storm  and 

a   severe   blizzard  the   ship   ran   aground   on    Cilly   Ledge   and   is 

still  aground. 

This   grounding   was   due   to   the   storm   and   poor    seamanship.      The 

material  of  which  the  ship  was  composed  was  not  in  any  way  responsible 

for  the  accident.     A  description  Avill  be  given  later  in  this  article  of  the 

grounding  and  present  condition  of  the  ship. 

''Atlantus''. — The  second  concrete  ship  to  be  placed  in  commission  was 
the  "Atlantus,"  a  .3000  ton  D.  W.  cargo  carrying  vessel,  250  ft.  in  length 
between  perpendiculars  and  43  ft.  6  in.  beam,  1400  H.P.  engines,  coal  burn- 
ing, speed  101/2  knots.  It  was  built  at  Brunswick,  Georgia,  during  the 
summer  of  1918  and  1919.  The  ship  was  given  a  sea  trial  off  the  coast 
of  Georgia,  then  proceeded  to  Wilmington,  N.  C,  for  further  work  on  the 
hull.  The  final  sea  trial  was  given,  and  the  ship  passed  by  the  U.  S. 
Steamboat  Inspectors  and  classified  by  the  American  Bureau  of  Shipping. 
It  was  then  placed  in  service  and  made  the  following  voyages : 

Dec.  1,  1919,  from  Wilmington,  N.  C,  empty  to  Norfolk  to  load  coal. 
Carried  first  cargo  on  Dec.  21,   1919,  consisting  of  1917  tons  of  coal 

from  Norfolk  to  Boston. 
From  Boston  to  Norfolk  empty. 

From  Norfolk  to  Providencefi  R.  I.,  with  1988  tons  of  coal. 
From  Providence,  R.  I.,  to  Norfolk,  Va.,  empty. 
From  Norfolk,  Va.,  to  Boston  with  2222  tons  off  coal. 
Boston  to  Norfolk  empty. 
Norfolk  to  Philadelphia  2012  tons  of  coal,  i  '^^ 
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Philadelphia  to  Norfolk  empty. 

Norfolk  to  Boston  1931  tons  of  coal. 

Boston  to  Norfolk  empty. 

Norfolk  to  Boston  2030  tons  of  coal. 

Boston  to  Norfolk  empty. 

Norfolk  to  Boston  2006  tons  of  coal. 

Boston  to  Jacksonville,  Florida,  empty. 

Jacksonville,  Fla.,  to  Boston,  Mass.,  2045  tons  of  lumber. 

Boston,  Mass.,  to  Norfolk,  Va.,  empty. 

Owing  to  the  excess  number  of  Shipping  Board  ships  in  operation  and 
to  the  decline  in  shipping  business,  the  ship  was  tied  up  at  Norfolk  to 
await  better  conditions.  The  ship  is  at  the  present  time  tied  up  at  Nor- 
folk in  first  class  condition  and  ready  to  operate. 

"Gape  Fear." — The  third  ship  to  be  placed  in  commission  \yas'  the 
"Cape  Fear,"  a  3500  ton  D.W.  cargo  carrying  vessel,  length  268  ft.  between 
perpendiculars,  46  ft.  befim,  1400  hp.,  triple  expansion  reciprocating  engines, 
coal  burning,  speed  lO^A  knots.  This  hull  was  built  at  Wilmington,  N.  C, 
the  machinery  was  installed  at  .Jacksonville,  Fla.  The  ship  was  given  a 
sea  trial,  passed  the  U.  S.  Steamboat  Inspection  and  was  .classified  by  the 
American  Bureau  of  Shipping.  The  first  voyage  was  made  in  December, 
1919,  from  Jacksonville  to  New  York  with  2508  tons  of  railroad  ties. 

Then  proceeded  from  New  York  to  Ivlorfolk  empty. 

From  Norfolk  to  Panama  Canal  with  1807  tons  of  coal. 

From  Panama  the  ship  proceeded  to  Chili  and  loaded  a  cargo  of  nitrate 

at  Iquiquie. 
From    Iquiquie    the    ship    proceeded    to    Martinique    and    discharged 

nitrate. 
A  cargo  of  mahogany  logs  was  taken  on  at  Cristobal  and  carried  to 

New  York. 
From  New  York  to  Providence  empty. 

Left  Providence  for  Norfolk  empty  and  on  the  night  of  Oct.  29,  1920, 
she  was  rammed  amidship  by  a  heavily  loaded  steamer  and  was  lost  in 
Narragansett  Bay.  A  description  of  the  collision  follows  later  in  this 
article. 

"Sapona." — The  fourth  ship  to  be  placed  in  commission  was  the 
"Sapona,"  sister  ship  of  the  "Cape  Fear,"  a  3500  D.W.  cargo  carrying 
vessel,  length  268  ft.  between  perpendiculars,  46  ft.  beam,  triple  expansion 
reciprocating  engines,  1400  hp.  engines,  coal  burning,  speed  10%  knots. 
This  hull  was  built  at  Wilmington,  N.  C.  The  machinery  was  installed 
at  Jacksonville,  Fla.  The  ship  was  given  a  sea  trial,  passed  the  U.  S. 
Steamboat  Inspection  and  was  classified  by  the  American  Bureau  of 
Shipping.  The  first  voyage  was  made  from  Jacksonville,  Fla.,  to  Tampa, 
Fla.,  Jan.  20,   1920,  empty. 
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From  Tampa  to  New  York  with  2049  tons  of  phosphate. 

From  New  York  to  Norfolk  empty. 

From  Norfolk  to  Boston  with  2074  tons  of  coal. 

From  Boston  to  Philadelphia  with  cargo  of  paper. 

From  Philadelphia  to  Providence  with  cargo  of  2500  tons  of  coal. 

From  Providence  to   Baltimore,  Md.,  empty. 

From  Baltimore,  Md.,  to  Boston,  Mass.,  with  2900  tons  of  coal. 
'   From  Boston  to  Jacksonville,   Fla-.,  empty. 

From  Jacksonville,  Fla.,  to  New  York  with  a  cargo  of  lumber. 

From  New  York  to  Norfolk  Sept.  2,  1920,  where  ship  was  tied  up 
owing  to  the  excess  number  of  Shipping  Board  ships  in  operation,  and  is 
awaiting  an  improvement  in  shipping  conditions.  The  ship  is  in  first  class 
condition  and  ready  for  operation. 

Oil  Tankers. 

"Selma." — -The  fifth  ship  to  be  placed  in  commission  was  the  "Selma," 
a  7500  ton  D.W.  Oil  Tanker,  2800  hp.  triple  expansion  reciprocating 
engines,  oil  burning,  speed  10^/2  knots,  length  434  ft.  3  in.  over  all,  beam 
54  ft.  It  was  built  at  Mobile,  Alabama,  during  1919  and  1920  and  passed 
inspection  by  the  U.  S.  Steamboat  Inspectors.  The  first  voyage  was  made 
from  Mobile,  Alabama,  to  Tampico,  Mex.,  where  ship  loaded  approximately 
42,000  barrels  of  crude  oil  to  be  discharged  at  Philadelphia.  The  ship 
met  with  a  grounding  accident  on  the  breakwater  at  the  entrance  of 
Tampico  harbor  and  was  temporarily  repaired  and  taken  to  Galvestojij 
Tex.,  to  await  permanent  repairs.  The  grounding  was  due  to  faulty  sea- 
manship, the  captain  being  intoxicated,  and  to  the  ship  being  operated 
without  a  pilot.  The  material  of  which  the  ship  was  built  was  in  no  way 
responsible  for  the  accident.  A  description  of  the  grounding  follows  in 
this  article.  The  ship  is  now  at  Galveston  awaiting  appropriation  of 
funds  for  repairs. 

"Latham." — The  sixth  ship  to  be  placed  in  commission  was  the 
"Latham,"  sister  ship  of  the  "Selma,"  a  7500-ton  D.W.  Oil  Tanker,  2800 
H.P.  reciprocating  engines,  oil  burning,  speed  lO^/o  knots,  length  434  ft. 
3  in.  over  all,  beam  54  ft.  It  was  built  at  Mobile,  Alabama,  during  1919 
and  1920,  passed  inspection  by  the  U.  S.  Steamship  Inspectors. 

The  first  voyage  was  from  Mobile,  Ala.,  to  Tampico,  Mex.,  took  on  a 

cargo  of  approximately  42,000  barrels  of  crude  oil. 
Proceeded  from  Tampiccf  to  Philadelphia,  discharged  cargo  and  pro- 
ceeded to  Tampico,  Mex.,  with  a  deck  load  of  steel  pipe  for  oil 
wells. 
Upon  arrival  at  Tampico  the  ship  grounded  on  breakwater  at  entrance 
of  Tampico  harbor.     The  grounding  was  due  to  poor  seamanship  on  the 
part  of  the  master,  who  attempted  to  take  the  ship  into  this  dangerous 
harbor   Avithout   a   pilot.     The   cargo   was   discharged   and  the   ship   pro- 
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ceeded  to  Galveston,  Tex.,  empty  where  repairs  were  made  to  the  bottom 
damaged  by  grounding.  From  Galveston,  Tex.,  the  ship  proceeded  to 
Mobile,  Ala.,  where  she  is  tied  up  at  the  present  time. 

The  ship  is  in  first  class  condition  ready  to  operate.     It  is  probably 


FIG.      9. STEAM«Jlil'      ".SKLAiA,  "      7.)UO-TO>I      UEAU-WKUiHT     CONCKKTIO     TANKER 

IN   DKY   DOCK. 


now  the  most  complete  of  any  of  the  concrete  ships  built,  owing  to  the 
fact  that  several  improvements  and  additions  were  made  while  the  ship 
was  undergoing  repairs  at  Galveston.  A  description  of  the  repairs  follows 
later  in  this  article. 

Neither   the   tanker    "Selma"   or    "Latham"    were   given    a    sea   trial. 
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They  were  probably  the  first  ships  in  the  liistory  of  sliipping  to  be  sent 
to  sea  without  sea  trials.  The  "Latham"  did  not  even  have  a  dock  trial, 
the  engine  of  the  ship  having  been  turned  over  for  a  period  of  less  than 
four  hours  before  the  ship  made  her  maiden  trip  from  'Mobile  to  Tampico. 
The  rushing  of  the  ships  to  sea  without  the  customary  preliminary  trials 
was  a  grave  mistake.  This  was  done  at  the  request  of  the  American  Fuel 
Oil  and  Transport  Co.,  who  had  purchased  the  ships  before  they  were  fully 
completed.  This  company  was  anxious  to  get  the  ships  in  operation  in 
order  to  carry  out  certain  contracts  that  they  had  for  the  delivery  of 
oil.  This  uncalled  for  rush  in  sending  the  ships  to  sea  was  unfair  to  the 
ships  as  they  were  experimental  in  a  way,  being  the  first  tankers  of  this 
type  ever  placed  in  operation  and  should  have  been  given  the  advantage  of 
all  preliminary  trials  given  to  other  ships  in  order  to  obtain  a  fair  com- 
parison of  their  efficiency.  • 

That  the  "Latham"  made  the  trip  from  ilobile  to  Tampico  and  from 
Tampico  to  Philadeljihia  with  a  cargo  of  oil  when  the  engines  had  only 
been  previously  in  ojieration  for  less  than  four  hours  is  considered  remark- 
able and  that  more  repairs  were  not  necessary  was  only  a  matter  of 
providence.  This  sending  of  the  ships  to  sea  in  this  unfinished  condition 
was  foolhardy  and  due  to  lack  of  shipping  experience  on  the  part  of  the 
American  Fuel  Oil  and  Transportation  Co.  Considering  the  adverse  con- 
ditions under  which  the  ships  were  operated  a  verj^  creditable  showing  was 
made.  Much  better  results  would  have  been  obtained  had  these  concrete 
tankers  been  placed  in  the  hands  of  older  oil  companies  who  had  had 
experience  instead  of  being  placed  with  new  companies  who  lacked  experi- 
ence in  operating  ships  of  any  kind.  Later  on  both  the  "Selma"  and 
"Latham"  met  with  grounding  accidents  at  Tampico  due  to  the  mis- 
handling by  the  officers  placed  aboard  them  by  the  American  Fuel  and 
Transportation  Co.  That  neither  of  these  accidents  were  due  to  the  fact 
that  the  ships  were  constructed  of  concrete  is  shown  by  the  statement 
furnished  by  the  surveyor  to  Lloyd's  Agent  at  the  port  of  Tampico.  The 
following  is  quoted  from  a  letter  written  by  him  upon  the  subject: 

"Tamiuco,  Mexico,  27  .July,  1920. 
Walter  R.  Hauper,  Beprcsentaiice, 
U.  S.  Shipping  Board  E.  F.  C, 
Division  of  Construction, 
CITY. 

In  reply  to  your  inquiry  of  even  date  I  would  say  most  emphatically 
that  the  fact  that  the  Strs.  "Selma"  and  "Latham"  are  of  re-enforced  con- 
struction had  nothing  to  do  with  the  grounding  of  said  vessels  on  the 
jetties  at  the  mouth  of  the  Panuco  River. 

Under  similar  circumstances  and  handling  these  vessels  if  constructed 
of  either  wood  or  steel  would  have  met  with  the  same  mishaps. 

With  an  experience  of  about  thirty-two  years  in  connection  with  the 
construction,  operation  and  repairs  of  sea  going  craft  of  all  descriptions, 
I  feel  warranted  in  saying  that  the  "Selma"  and  "Latham"  impress  me  as 
being  well  designed  and  constructed,  strong  in  every  requisite  and  properly 
fomid  in   every   way.      Prom  information   given    me  I   would   say   that  it  is 
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quite  likely  that  the  vessels  would  have  been  less  liable  to  unmerited 
criticism  had  they  been  given  more  extended  preliminary  work-out  before 
being  hurried  into   regular  service." 

(Sgd)     Surveyor  to  Lloyd's  Agent. 

"Cyamaca." — The  sixth  ship  to  be  placed  in  commission  was  the 
"Cyamaca,"  sister  ship  of  the  "Latliam,"  a  7500-ton  D.W.  Oil  Tanker, 
2800  hp.  reciprocating  engines,  oil  burning,  speed  lOi/^  knots,  length  434 
ft.  3  in.  over  all,  beam  54  ft.  It  was  built  at  San  Diego,  Cal.,  during 
1919  and  1920,  was  given  a  sea  trial  and  passed  the  inspection  of  the 
U.  S.  Steamboat  Inspectors  and  was  classified  by  the  American  Bureau 
of  Shipping. 

The  first  voyage  was  from  San  Diego  to  San  Piedro,  Cal.,  where  ship 

was  drydocked. 
From  San  Piedro  to  San  Diego  empty. 
On  Oct.  1,  1920,  the  ship  proceeded  from  San  Diego,  Cal.,  to  Tampico, 

Mex.,  by  way  of  Panama  Canal.     At  Tampico  took  on  a  cargo  of 

fuel  oil  approximately  40,000  barrels. 
From  Tampico  to  Galveston  and  discharged  oil. 
From  Galveston  to  to  Tampico  empty. 
From  Tampico  to  Baton  Eouge  with  cargo  of  oil. 
From  Baton  Rouge  to  Tampico  empty. 
From  Tampico  to  Galveston  with  cargo  of  oil. 
From  Galveston  to  Tampico  empty. 
From  Tampico  to  Baton  Rouge  watli  cargo  of  oil. 
From  Galveston  to  Tampico  empty. 
From  Tampico  to  Baton  Rouge  with  cargo  of  oil. 
From  Baton  Rouge  to  Tampico  empty. 
From  Tampico  to  New  Orleans  with  cargo  of  oil. 
From  New  Orleans  to  Tampico  empty. 
From  Tampico  to  New  Orleans  with  cargo  of  oil. 
From  New  Orleans  to  Tampico  empty. 
From  Tampico  to  New  Orleans  with  cargo  of  oil. 

From  New  Orleans  to  Mobile  empty,  tied  up  March  15,  1921,  owing 
to  depression  in  shipping  and  excess  number  of  Shipping  Board  ships  in 
operation.     The  ship  is  in  first  class  condition  and  ready  to  operate. 

"San  Pasquale." — The  eighth  ship  to  be  placed  in  commission  was  the 
SS  "San  Pasquale,"  a  7500-ton  D.W.  tanker,  length  434  ft.  3  in.  over  all, 
beam  54  ft.  It  was  built  at  San  Diego,  Cal.,  during  1919  and  1920.  Made 
a  trip  to  San  Piedro  and  was  drydocked,  had  a  sea  trial,  passed  by  the 
U.  S.  Steamboat  Inspectors  and  classified  by  the  American  Bureau  of 
Shipping.  The  ship  proceeded  from  San  Piedro  to  Tampico  Oct.  22,  1920, 
by  way  of  the  Panama  Canal.  From  Panama  Canal  empty  to  Tampico, 
Mex.  It  carried  its  first  cargo  from  Tampico  to  Galveston,  Tex.,  Nov. 
19,  1920. 


Concrete  Ships.  109 

From  Galveston  to  Tampico  empty. 
From  Tampico  to  Baton  Eouge  with  cargo  of  oil. 
From  Baton  Rouge  to  Tampico  empty. 
From  Tampico"  to  New  Orleans  with  cargo  of  oil. 
From  new  Orleans  to  Tampico  empty. 
From  Tampico  to  New  Orleans  with  cargo  of  oil. 
From  new  Orleans  to  Tampico  empty. 
'    From  Tampico  to  New  Orleans  with  cargo  of  oil,  tied  up   at   New 
Orleans.     In  tirst  class  condition  and  ready  to  operate. 

''Dinsmore." — The  ninth  ship  to  be  completed  was  the  "Dinsmore,"  a 
7500  ton  D.W.  tanker,  length  434  ft.  3  in.,  beam  54  ft.  It  was  built  at 
Jacksonville,  Fla.,  given  a  sea  trial,  passed  by  the  U.  S.  Steamboat  In- 
spector and  classified  by  the  American  Bureau  of  Sliipping.  It  proceeded 
from  Jacksonville  to  Mobile,  Ala.,  where  ship  was  drydocked.  After 
docking  ship  was  tied  up  at  Mobile  owing  to  the  excess  number  of  Ship- 
ping Board  ships  in  operation  due  to  the  depression  in  shipping.  The 
ship  is 'now  at  Mobile  in  first  class  condition  and  ready  to  operate. 

'"Eloffitt." — The  tenth  ship  to  be  completed  was  the  "Moffitt,"  a  7500- 
ton  D.W.  tanker,  length  434  ft.  3  in.  over  all,  beam  54  ft.  It  was  built 
at  Jacksonville,  Fla.,  during  1919  and  1920,  given  a  sea  trial,  passed  by 
the  U.  S.  Steamboat  Inspectors  and  classified  by  the  American  Bureau  of 
Shipping.  It  proceeded  from  Jacksonville  to  Mobile  where  the  ship  was 
drydocked.  After  docking  ship  was  tied  up  at  Mobile  owing  to  the  excess 
number  of  Shipping  Board  ships  in  operation  and  due  to  the  depression 
in  shipiDing.  The  ship  is  now  at  Mobile  in  first  class  condition  and  ready 
to  operate, 

"Palo  Alto." — The  eleventh  ship  completed  was  the  "Palo  Alto,"  a 
7500  ton  D.W.  tanker,  length  434  ft.  3  in.,  beam  54  ft.  It  was  built  At 
Oakland,  Cal.,  and  drydocked.  It  was  given  a  sea  trial,  passed  by  the 
U.  S.  Steamboat  Inspectors  and  classified  by  the  American  Bureau  of 
Shipping.  This  ship  was  not  completed  in  time  to  be  put  in  operation 
until  after  the  depression  in  shipping  business  came,  consequently  was 
tied  up  and  it  is  now  at  San  Francisco  awaiting  improvement  in  shipping 
conditions.  At  the  present  time  the  ship  is  in  first  class  condition  and 
ready  to  operate. 

"Peralta." — The  twelfth  ship  to  be  completed  was  the  SS  "Peralta," 
a  7500  ton  D.W.  tanker,  length  434  ft.  3  in.,  beam  54  feet.  It  was  built 
at  Oakland,  Cal.,  and  drydocked.  It  was  given  a  sea  trial,  passed  by  the 
U.  S.  Steamboat  Inspectors,  and  classified  by  the  American  Bureau  of 
Shipping.  This  ship  was  not  completed  in  time  to  be  put  in  operation 
until  after  the  depression  in  shipping  business  came,  consequently  was 
tied  up  and  it  is  now  at  San  Francisco  awaiting  improvement  in  shipping 
conditions.  At  the  present  time  the  ship  is  in  first  class  condition  and 
ready  to  operate. 
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The  concrete  ships  have  proven  very  staunch  and  seaworthy  in  the 
gales  and  heavy  seas  vidiicli  have  been  encountered  by  the  ships  that  have 
been  in  operation.  Officers  and  crevs^s  who  were  at  first  skeptica,!  and 
timid  about  sailing  on  them  have  after  one  trip  been  very  enthusiastic 
over  their  behavior  during  heavy  weather.  The  most  noticeable  feature 
about  them  is  the  lack  of  vibration  of  the  hull  and  decks  from  the 
machinery.  There  is  scarcely  any  vibration  at  all,  which  is  very  notice- 
able to  a  person  accustomed  to  being  aboard  steel  ships  which  are  vibrating 
con'stantly.     There  seems  to  be  no  reason  why  this  form  of  shijD  construc- 
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tion  can  not  be  commercialized  and  used  successfully  for  light  bulky  cargo, 
such  as  cotton  and  general  merchandise.  With  a  light  bulky  cargo  the 
earning  capacity  of  a  concrete  ship  is  greater  than  that  of  a  steel  ship 
of  the  same  deadweight  tonnage,  but  with  a  heavy  cargo  the  steel  ship 
has  the  advantage.  The  weight  of  a  concrete  vessel  makes  it  necessary 
to  construct  large  hold  spaces  to  obtain  the  required  buoyancy.  If  advan- 
tage is  taken  of  this  increased  space  by  selecting  light  bulky  cargo  this 
entire  space  can  be  filled  and  the  ship  still  kept  above  the  Plimsol  mark 
while  only  a  portion  of  the  same  cargo  could  be  placed  in  a  steel  ship  of 
the  same  tonnage  owing  to  lack  of  space.     On  the  other  liaiul,  with  a  heavy 
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cargo  loaded  on  the  concrete  ship  the  Plimsol  mark  would  be  submerged 
before  the  entire  hold  space  had  been  filled. 

The  advantage  claimed  for  concrete  ships  over  steel  or  wood  vessels  is 
that  the  original  cost  of  building  is  much  lower  and  they  can  be  built 
in  less  time;  that  rejiairs  can  be  made  in  much  less  time  and  at  lower 
cost  than  on  other  vessels  has  been  proven  on  the  extensive  repairs 
recently  made  on  the  concrete  ship  "Latham."  They  have  no  tendency  to 
depl'eciate  by  rusting  nor  are  they  endangered  by  the  corrosive  action  of 
salt  water.  They  are  not  destroyed  by  toredo  or  other  forms  of  sea 
worms  which  tend  to  destroy  wood  ships.  The  expense  of  drydocking  at 
frequent  intervals  to  scrape  and  chip  the  bottom  is  saved.  Frequent 
chipping  and  scraping  is  absolutely  necessary  on  a  steel  vessel.  The  entire 
upkeep  of  a  concrete  ship  is  far  below  that  of  other  types. 

Accidents. 

"Polias." — There  have  been  four  serious  accidents  to  concrete  ships 
.during  operation,  all  of  which  have  been  found  after  investigation  to  have 
been  due  to  faulty  seamanship  and  Avere  in  no  way  due  to  the  fact  that 
the  ships  were  constructed  of  concrete.  The  first  ship  to  meet  with  an 
accident  was  the  "Polias,"  a  3500-ton  D.W.  cargo  vessel.  The  ship  was 
proceeding  empty  from  Searsport,  Maine,  to  Norfolk,  Va.,  and  on  Lne  night 
of  Feb.  7,  1920,  encountered  a  severe  blizzard  and  blinding  snow  storm  off 
the  coast  of  Maine.  During  the  storm  the  master  of  the  ship  allowed  her 
to  get  off  the  course  and  ran  aground  on  Chilly  Ledge,  which  is  located  just 
off  Rockland,  Maine.  After  the  storm  subsided  the  ship  was  left  on  the^ 
ledge  in  about  10  ft.  of  water  and  resting  in  a  horizontal  position.  The 
bottom  was  damaged  where  it  came  in  contact  with  the  ledge,  the  main 
structure  of  the  ship  was  practically  uninjured  and  withstood  the  severe 
treatment.  All  damage  done  was  local  and  at  points  on  the  ship  that  came 
in  contact  with  rocks  during  the  grounding.  The  ship  is  still  in  the  same 
position  on  the  ledge  and  in  practically  the  same  condition  that  it  was 
immediately  after  the  grounding,  except  that  some  damage  has  been  done 
in  cutting  the  decks  in  salvaging  machinery.  That  the  hull  of  the  "Polias" 
is  still  intact  and  no  indications  of  breaking  up  are  shown  demonstrates 
the  great  strength  of  the  structure  considering  that  it  has  withstood  the 
ice  and  pounding  of  the  storms  of  three  severe  winters  off  the.  New  Eng- 
land coast. 

On  Feb.  7tli,  1920,  during  the  same  storm  that  the  "Polias"  encoun- 
tered, the  "Princess  Ann,"  a  large  steel  vessel,  went  ashore  off  Rockaway 
Beach,  L.  I.,  and  in  a  few  days  went  to  pieces  due  to  sheering  of  the  rivets 
of  her  plates.  While  the  accident  to  the  "Polias"  was  very  unfortunate  it 
.  at  the  same  time  has  served  to  demonstrate  the  strength  of  concrete  ships 
and  their  durability  compared  with  steel  ships  under  similar  conditions. 

"Sehna." — The  second  concrete  ship  to  meet  with  a  serious  accident 
was  the  "Selma,"  a  7500-ton  D.W.  oil  tanker.     The  "Selma"  while  loaded 
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with  a  full  cargo  of  crude  oil  in  bulk  was  run  on  the  rocks  of  the  jetty  of 
the  breakwater  at  the  entrance  to  Tampico  Harbor,  Mex.  The  accident 
occurred  in  daylight  during  fair  weather  and  was  due  to  poor  seamanship, 
the  master  having  been  intoxicated  attempted  to  enter  this  dangerous 
harbor  without  a  pilot.  After  investigation  of  the  grounding  by  the  U.  S. 
Steamboat  Inspectors  the  master  of  the  ship  was  deprived  of  his  papers. 
The  ship  grounded  on  the  jetty  of  the  breakwater  causing  damage  in  the 
forward  compartments,  fore  peak  and  dry  cargo  space.  The  master  not 
being  able  to  back  the  ship  off  from  the  rocks  attempted  to  run  over  the 
obstruction  and  worked  the  ship  ahead  until  it  was  aground  just  forward 
of  the  midship  section  with  deep  water  under  the  forward  and  aft  portions 
of  the  ship.  It  was  impossible  to  move  the  ship  from  this  position,  where 
it  remained  for  a  period  of  twelve  days,  being  constantly  pounded  by  rough 
seas. 

The  ship  showed  remarkable  strength  and  endurance  while  on  the 
rocks.  During  this  time  it  was  loaded  with  a  full  cargo  in  the  forward 
and  aft  oil  tanks,  which  caused  a  cantilever  action  in  the  structure  of  the 
ship  owing  to  the  fact  that  it  was  aground  amidships  and  in  deep  water 
under  the  fore  and  aft  portions.  This  condition  would  naturally  tend  to 
hog  the  ship  and  break  her  back;  that  there  was  not  the  slightest  tendency 
to  hog  is  remarkable  considering  this  severe  treatment.  Any  hogging  that 
developed  would  have  shown  immediately  by  cracks  developing  in  the  con- 
crete slab  of  the  deck. 

After  the  ship  was  raised  and  removed  from  this  position  a  thorough 
examination  was  made  of  the  structure  by  the  writer  and  no  cracks  of  any 
kind  were  discovered,  all  damage  having  been  done  to  portions  of  the  bot- 
tom which  came  directly  in  contact  with  the  rocks.  The  ship  was  raised 
from  this  position  by  installing  air  compressors  aboard  and  pumping  com- 
pressed air  into  the  pipes  for  the  steam  smothering  lines.  These  lines  are 
connected  from  mains  with  each  tank  and  are  for  the  purpose  of  forcing 
live  steam  into  the  tanks  in  case  of  fire  and  for  cleaning  the  tanks.  Gages 
were  installed  connecting  with  each  tank  and  a  pressure  of  about  5  lb.  per 
sq.  in.  allowed.  Any  greater  pressure  might  have  damaged  the  decks. 
When  the  air  was  forced  into  the  tanks  (the  decks  of  course  being  airtight) 
it  at  the  same  time  forced  water  out  at  the  bottom  through  the  holes  made 
by  the  ship  coming  in  contact  with  the  rocks.  In  this  way  the  ship  was 
raised  until  it  had  sufficient  buoyancy  to  be  removed  from  the  rocks  and 
taken  into  Tampico  Harbor  where  temporary  repairs  were  made  consisting 
of  additional  fastenings  to  hold  the  deck  to  the  deck  beams  in  case  the  ship 
shovild  encounter  rough  seas  while  on  the  trip  to  the  drydock  at  Galveston. 
In  this  conditions,  with  the  water  being  forced  from  the  oil  tanks  by  pump- 
ing compressed  air  in  them,  the  ship  was  taken  from  Tampico,  Mex.,  to 
Galveston,  Tex.,  four  days  at  sea,  and  arrived  in  a  satisfactory  condition 
where  she  was  tied  up  and  is  now  awaiting  an  appropriation  for  per- 
manent repairs. 

livery  precaution  was  taken  to  provide  for  the  constant  operation  of 
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the  air  compressors  during  the  trip  from  Tampico  to  Galveston  as  the 
stopping  of  the  compressors  or  cutting  off  of  the  supply  of  compressed  air 
would  have  meant  the  sinking  and  loss  of  the  ship  while  at  sea.  Five  com- 
pressors were  installed  on  the  deck,  two  connected  and  forcing  air  into  the 
tanks  with  the  damaged  bottoms  ojjerated  by  steam  from  the  ship's  boilers, 
two  more  compressors  connected  up  and  held  in  reserve  ready  to  be  put  in 
instant  operation  in  case  of  an  accident  to  the  compressors  being  used,  and 
still  another  compressor  operated  by  a  gasoline  engine,  to  be  used  in  case 
of  any  trouble  with  the  ship's  boilers,  making  it  necessary  to  shut  off  the 
steam  operating  the  other  compressors. 

"Latham." — The  third  concrete  ship  to  meet  with  an  accident  was  the 
7500  ton  tanker  "Latham."  The  "Latham"  was  proceeding  on  a  voyage 
from  Philadelphia  to  Tampico,  Mex.,  with  a  deck  load  of  pipe  for  oil  wells. 
When  Tampico  was  reached  the  master  attempted  to  enter  the  harbor  with- 
out a  pilot  and  grounded  the  ship  on  the  jetty  of  the  break  water  only  a 
few  hundred  feet  from  the  point  where  the  "Selma,"  sister  ship  of  the 
"Latham,"  met  with  a  similar  grounding  accident.  At  the  time  of  the 
accident  the  ship  was  making  about  10  knots  and  due  to  the  error  in  her 
course  was  driven  on  and  over  the  rocks  of  the  northerly  jetty  of  the  break 
w"ater  instead  of  between  the  jetties.  This  caused  four  parallel  gouges 
frofti  4  to  6  ft.  wide  to  pe  made  on  the  bottom  of  the  ship  for  nearly  the 
entire  length.  No  direct  punctures  were  made,  but  the  concrete  in  the 
gouges  was  crushed  and  held  in  place  by  the  reinforcing  steel  in  much  the 
same  manner  as  a  piece  of  broken  wire  glass  would  be  held.  Notwithstand- 
ing this  extensive  damage  to  the  bottom,  the  ship  was  able  to  proceed  from 
Tampico,  Mex.,  to  Galveston,  under  her  own  steam  and  without  a  convoy. 
There  were  only  three  of  the  damaged  tanks  that  could  not  be  pumped 
dry  with  the  ship's  pumps. 

Upon  reaching  Galveston  the  ship  was  drydocked  and  the  work  of 
repairs  started.  The  damaged  concrete  was  cut  out;  the  reinforcing  rods 
straightened;  the  oil  removed  from  the  rods  and  edge  of  concrete;  wood 
forms  were  then  placed  and  a  new  bottom  poured  in  the  damaged  portions. 
Great  care  had  to  be  taken  to  get  bond  between  the  old  and  new  concrete. 
As  the  bottom  of  the  ship  also  formed  the  bottom  of  the  oil  tanks,  all 
surfaces  were  covered  with  crude  oil,  which  had  to  be  removed,  as  any  oil 
in  the  joint  between  the  old  old  and  new  concrete  would  have  destroyed 
the  bond.  All  shattered  concrete  was  removed  and  the  edge  of  the  dam- 
aged portiofi  cut  back  into  the  solid  concrete  until  a  firm  face  was  made. 
(This  work  is  similar  to  that  of  the  dentist  in  preparing  a  cavity  for  a 
new  filling.)  All  traces  of  oil  were  removed  from  the  edge  of  the  joint  and 
from  the  reinforcing  steel  by  sand  blast,  or  by  a  steam  jet.  The  dust  on 
the  new  edge  of  the  concrete,  caused  by  cutting  and  deposit  by  the  sand 
blast,  was  removed  by  'going  over  the  surfoce  with  an  air  hose  with  air 
at  a  pressure  of  about  60  pounds. 

This  removal  of  the  dust  between  tlie  old  and  new  concrete  is  of  great 
importance.     After  the  forms  were  placed  on  the  bottom  the  entire  surface 
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of  the  concrete  joint  and  the  forms  were  thoroughly  saturated  with  water, 
in  order  that  there  should  be  no  absorption  of  the  water  from  the  concrete 
before  setting.  Just  previoiis  to  pouring  the  concrete,  the  joint  which  had* 
been  saturated  with  water  was  sprinkled  lightly  with  dry  cement.  The 
concrete  was  rammed  and  agitated,  in  order  to  settle  it  around  the  intricate 
mass  of  reinforcing  steel  rods.  By  these  careful  methods  an  absolute 
water-tight  job  was  obtained  and  when  this  ship  was  lowered  from  the  dry- 
dock  into  the  water  there  was  not  a  single  leak,  or  even  a  sign  of  moisture 
throughout  the  entire  work.  After  repairs  the  ship  made  her  first  voyage 
from  Galveston,  Tex.,  to  'Mobile,  Ala.,  during  which  voyage  no  leaks  devel- 
oped at  sea,  and  the  success  of  these  extensive  repairs  was  fully  demon- 
strated. Both  the  "Selma"  and  the  "Latham"  were  being  operated  by  the 
American  Fuel  Oil  &  Transportation  Co.  at  the  time  pf  these  accidents, 
which  were  due  to  mishandling.  These  ships  were  sold  to  the  American 
Fuel  Oil  &  Transportation  Co.  and  later  returned  to  the  Shipping  Board. 

"Cape  Fear." — The  fourth  concrete  ship  to  meet  with  an  accident  was 
the  "Cape  Fear,"  a  3500-ton  D.W.  cargo' ship  modelled  along  the  lines  of 
the  3500-ton  Ferris  Type  wooden  ship  built  bj^  the  Shipping  Board.  The 
"Cape  Fear"  while  proceeding  from  Providence,  R.  I.,  to  Norfolk  empty, 
with  water  ballast,  was  rammed  amidship  by  a  large  steel  vessel  loaded 
with  pig  iron  and  sank  in  Narragansett  Bay.  The  accident  was  due  to  poor 
seamanship  alone,  there  having  been  a  misunderstanding  of  signals.  The 
weather  was  fair  and  the  night  clear  and  no  excuse  can  be  offered  for  the 
accident.  The  master  of  the  ramming  vessel  was  censured  and  his  papers 
taken  away  after  an  investigation  by  the  U.  S.  Steamboat  Inspectors.  The 
"Cape  Fear"  was  empty  and  with  water  ballast.  She  was  struck  amidship 
and  sank  in  a  short  time. 

An  opportunity  has  not  been  given  to  examine  the  hull  to  investigate 
the  damage.  The  ship  was  constructed  with  the  engine  and  boiler  room 
amidships  shut  off  from  the  forward  and  aft  cargo  holds  by  a  water-tight 
bulk  head  at  each  end  of  the  engine  and  boiler  rooms  and  with  a  fore  peak 
and  aft  peak  tank  separated  from  the  fore  and  aft  cargo  holds  by  water- 
tight bulk  heads.  During  the  collision  it  is  probable  that  when  the  ship 
was  struck  amidship  that  both  of  the  water-tight  bulk  heads  separating 
the  borler  room  and  the  engine  room  from  the  cargo  holds  were  damaged 
allowing  the  water  to  flood  the  cargo  holds  and  the  engine  and  boiler 
rooms,  and  as  the  peak  tanks  were  partially  filled  with  water  for  ballast 
there  were  no  unflooded  spaces  to  furnish  buoyancy  to  float  the  ship.  Under 
these  conditions  it  is  not  surprising  that  the  ship  sank  in  a  very  short 
time.  Under  similar  conditions  a  steel  ship  would  have  gone  down  in  the 
same  time. 

While  these  accidents  may  have  had  a  tendency  to  prejudice  those  who 
were  not  familiar  with  the  details  against  the  ships,  they  have  as  a  matted 
of  fact  in  each  case  demonstrated  the  great  strength  and  durability  of  the 
ships.  The  hulls  liave  withstood  severe  treatment  far  better  than  ships 
of  other  types  under  similar  conditions. 


CEMENT    OR   GRANOLITHIC   FINISH    ON    CONCRETE    FLOORS. 

By  Joseph  C.  Grady.* 

The  purpose  of  this  paper  is  to  stimulate  the  endeavor  to  obtain  the 
best  cement  finished  floor  possible  for  the  varying  uses  to  which  they  may 
be  subjected  and  at  the  same  time  give  due  consideration  to  the  following 
factors   which   must   be  studied   and   applied   in   each   individual   case. 

1.  Importance   of   the   wear   resisting   qualities   of   the   finish,   to   the 
owner. 

2.  Economy  in  the  initial   installation  against  permanence,  and  vice 
versa. 

3.  Dusting — very    objectionable    in    certain    kinds    of    manufacturing. 

4.  Appearance — immediate  and  future.  , 

.5.    Level — generally  important  where  machinery  is  to  be  set  up. 

6.  Cost,  difficulty  and   interference  of  making  repairs. 

7.  Good  floors  to  promote  the  use  of  concrete  construction. 

8.  The  contractor's  reputation  is  very  often  fixed  by  the  quality  of 
his  floor  finish. 

After  considerable  investigation  and  study  of  the  question  of  finish  for 
concrete  floors,  the  writer  is  firmly  of  the  opinion  that  a  finish  placed  some- 
time after  strvictural  slab  is  in  place,  and  in  most  cases  after  building  is 
enclosed,  will  in  general  produce  the  most  satisfactory  final  results. 

Occasionally  a  certain  combination  of  conditions  will  prevail  in  the 
field  which  will  make  the  use  of  a  monolithic  finish  very  desirable,  and  at 
the  same  time  produce  equally  satisfactory  results.  Likewise,  a  reverse 
combination  of  conditions  may  exist  under  which  monolithic  finish  should 
not  be  attempted,  as  the  results  would  be  unsatisfactory. 

Cement  finished  floors  maj?^  be  divided  into  three  distinct  types  as 
follows: 

A.  Monolithic. 

B.  Finish  placed  lated    (on  structural  slab). 

C.  Finish  and  base  placed  later    (on  structural  slab). 

"A" — Monolithic  Finish. 

Where  a  building  is  carried  up  even  in  warm  weather  at  a  speed  of 
six  or  eight  days  per  story,  the  final  results  will  be  scratched  and  scarred 
floors  that  are  very  poor  in  appearance  and  will  not  stand  up  under  heavy 
trucking.  On  the  same  operation,  should  the  element  of  speed  be  disre- 
garded to  the  extent  of  allowing  each  section  of  finish  to  be  properly  pro- 
tected and   workmen   kept  off  same   for  three  or   four   days,   an   excellent 
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finish  would  be  the  result.  This  mode  of  procedure  would  rarely  be  pos- 
sible as  the  economy  in  design  and  material  which  belongs  to  this  type  of 
floor  would  be  more  than  balanced  by  the  interruption  in  the  sequence  of 
the  various  operations  and  the  disrupting  of  the  organization. 

Exceptions  to  the  above  would  be  where  a  two-story  building  covers 
a  considerable  area  and  concreting  of  the  first  self-supporting  floor  can  be 
kept  three  or  four  days  in  advance  of  the  erection  of  roof  forms,  or  where 
a  building  is  erected  in  two  or  more  sections  and  forms  are  moved 
horizontally. 

This  type  of  finish  where  excellent  floors  are  required  for  heavy  truck- 
ing should  not  be  attempted  when  winter  weather  protection  is  necessary, 
as  the  cost  is  excessive  and  the  results  very  uncertain. 
Important  Details. 

1.  Erect  standard  rain  protection  daily  regardless  of  weather  con- 
ditions. 

2.  Correctly  proportion  aggregates  in  rough  concrete.  An  excessive 
amount  of  sand  and  cement  will  retard  the  water  from  draining  off".  Use 
only  sufficient  water  to  obtain  a  workable  mix. 

3.  Rough  concrete  should  be  carefully  graded  to  allow  for  a  uniform 
thickness  of  finish  material — %  in.  is  sufficient. 

4.  Rough  concrete  of  the  proper  consistency  for  reinforced  work 
should  be  allowed  to  settle  before  screeds  are  set  and  before  finish  is  spread. 
If  this  is  not  done  and  the  finish  is  of  proper  consistency  it  will  sink  into 
the  concrete  and  force  the  rough  concrete  to  the  surface.  Pools  of  water 
on  surface  of  rough  concrete  should  be  removed  before  finish  is  spread. 

5.  Run  panels  should  be  used  to  wheel  finish  over  rough  concrete.  As 
each  panel  is  removed,  the  smooth  imprint  left  by  the  panel  should  be 
roughened  and  the  displaced  concrete  brought  to  grade. 

"AA." — Monolithic  Finish.     (Sprinkled  Dry.) 

This  type  of  finish  consists  of  "pulling  up"  the  rough  concrete  by  use 
of  straight  edge  and  short  screeds  clamped  on  column  bars.  When  the 
water  comes  to  the  surface  of  the  concrete,  remove  same  by  use  of  darby 
and  straight  edge.  Sprinkle  this  surface  twice  with  one  to  two  dry  sand 
and  cement.  The  suggested  placing  of  this  dryer  in  two  oi^erations  is  due 
to  the  fact  tliat  the  low  spots  which  will  require  additional  dryer  are  more 
easily  detected  after  the  first  coat  has  been  applied.  The  total  of  these 
dry  applications  should  average  about  %  in.  in  thickness.  When  dry  coats 
have  become  wet  by  absorption  and  surface  will  sustain  knee  boards,  float 
and  trowel  in  regular  way. 

This  type  of  finish  is  recommended  for  floors  whicli  may  be  subjected 
to  light  wear  or  used  for  dead  storage  purposes. 

"B" — Finish  Placed  Latkr. 

Except  as  noted  under  "A" — "Monolithic  Finish,"  this  type  is  recom- 
mended.   The  extra  cost  in  design  and  materials  is  less  than  winter  weather 


Cement  or  Granolithic  Finish  on  Floors.  117 

cliarges  would  be  if  the  '^A"  type  floors  were  laid  during  cold  weather,  and 
the  final  results  are  positive,  while  the  "A"  type  results  are  uncertain. 
Important  Details. 

1.  Great  care  should  be  taken  in  levelling  and  grading  the  rough 
concrete  slab,  allowing  a  uniform  thickness  of  %  in.  for  finish  to  be  placed 
later. 

2.  After  rough  concrets  has  been  in  place  for  several  hours  or  has 
hardened  sufficiently  to  sustain  the  weiglit  of  a  man,  use  a  steel  wire  push 
broom  to  sweep  all  fine  material  and  laitance  from  the  surface  of  the 
slab  exposing  the  coarse  aggregate.     Do  not  use  a  rake. 

3.  Where  floor  finish  is  to  be  placed  during  cold  weather,  arrange- 
ments should  be  made  to  have  the  permanent  heating  system  (if  any)  in 
operation  before  the  floors  are  laid.  Where  salamanders  must  be  used, 
sheet  iron  covers  and  flue  pipes  should  be  provided  to  carry  coke  gas  out 
of  building. 

4.  Prepare  the  rough  slab  to  provide  a  bond  for  finish  cost  as  follows : 
First.  Eemove  all  spots  of  mortar  which  have  dripped  from  forms  above, 
etc.  Second.  Thoroughly  dry  sweep  well  in  advance  of  area  to  be  finished. 
Third.  In  the  afternoon  of  the  day  before  finish  is  placed,  thoroughly  wash 
with  clean  water  the  area  to  be  finished  on  the  next  day.  Washing  should 
be  done  with  a  hose  with  sufficient  pressure  to  force  out  and  carry  away 
all  sand  and  dirt  or  other  foreign  matter  Avhich  may  be  lodged  in  pores 
or  indentations  of  rough  slab.  The  qiiantity  of  water  necessary  to  prop- 
erly wash  the  rough  slab  will  often  cause  considerable  trouble  in  the  stories 
below  where  the  washing  is  in  progress.  It  is,  therefore,  advisable  where 
either  steam  or  air  of  sufficient  pressure  is  available,  to  use  same  to  blow 
rough  slab  clean.  Acid  need  not  be  used  except  on  spots  of  grease,  paint, 
etc.  After  using  acid,  wash  area  thoroughly  to  remove  all  traces  of  resul- 
tant or  spent  acid.  Sweep  all  excess  water  off  the  area  to  be  finished. 
Do  not  allow  excess  water  to  stand  on  rough  slab  over  night. 

Before  finish  is  placed,  sprinkle  the  rough  slab  with  water,  but  do 
not  create  a  surplus  of  water.  Next  apply  a  I  :  1  cement  grout  and 
sweep  thoroughly  into  the  rough  surface.  Apply  finish  before  this  grout 
dries. 

"C" — Finished  Separate  Slab. 

This  type  of  finish  generally  consists  of  a  2-in.  base  of  cinder  or  stone 
concrete  with  a  1-in.  monolithic  finish.  This  is  the  more  expensive  type 
of  finish  on  account  of  the  dead-load,  loss  of  story  height,  and  extra 
materials,  but  has  advantages  where  it  is  desired  to  bury  small  conduits, 
pipes,  etc.,  between  the  rough  slab  and  the  finished  slab.  (Steam  and  hot 
water  pipes  excluded.)  Joints  should  be  cut  as  described  below  and  finish 
mortar  allowed  to  turn  down  full  thickness  of  slab  and  about  2  in.  wide 
on  all  sides  of  each  individual  slab.  This  is  to  prevent  curling.  Screeds 
for  this  work  should  be  set  on  dots  the  day  before  base  concrete  and  finish 
are  placed.  These  screeds  are  quite  an  advantage  as  a  guide  in  placing 
the  base  concrete. 
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For  best  results,  this  floor  sliould  be  laid  in  alternate  sections,  four 
slabs  or  sections  to  tlie  ordinary  bay. 

Proportions  for_  Finishing  Coat. 

One  part  cement,  ^  part  sand,  1^2  pai't  grit  or  clean  hard  rock  (size 
%  in.  down,  with  sand  or  dust  removed). 

In  the  finish  or  topping,  use  the  minimum  amount  of  water  that  will 
allow  the  finish  to  pull  with  a  saw  action  on  the  straight  edge  without 
tearing  apart,  leaving  a  fairly  smooth  dense  surface. 

Finishing. — Floor  should  be  floated  and  troweled  twice.  The  first 
operation  should  not  take  place  until  the  finish  has  set  enough  to  retain 
the  knee  boards  on  the  surface.  Floating  and  troweling  of  wet  finish 
settles  the  coarse  aggregate  and  brings  fine  material  to  the  surface. 

Floor  Joints. — Mason's  jointer  shoiild  not  be  used  on  any  floor  which 
may  be  subjected  to  trucking.  The  joint  should  consist  of  a  knife  cut 
only. 

"A"  type  floors  should  have  knife  cut  joints  at  fill  lines  only. 

"B"  tjrpe  floors  should  have  knife  cut  joints  at  fill  lines  and  in  finish 
directly  over  construction  joints  in  slab. 

*'C"  type  floor  should  have  knife  cut  joints  at  fill  lines,  that  is,  at 
column  centers  and  at  center  of  bay  in  each  direction. 

After  Protection. — Cement  finished  floors  should  be  kept  saturated 
with  water  for  two  weeks  after  being  laid.  Water  must  not  be  applied 
until  floor  is  hard  enough  to  prevent  blistering  and  peeling.  This  is 
wholly  a  matter  of  judgment  and  is  dependent  on  atmospheric  conditions. 

A  1-in.  layer  of  sawdust  spread  on  the  floor  and  kept  thoroughly  wet 
with  water  will  assist  in  holding  moisture,  and  properly  protect  and  "cure" 
the  floor. 

A  strip  of  burlap  3  in.  or  4  in.  wide  laid  at  edge  of  preceding  day's 
work  and  overlapping  sawdust  will  help  to  prevent  sawdust  from  being 
blown  or  dragged  on  to  new  work. 

Hardeners. — Surface  or  after-applied  hardeners  will  add  somewhat  to 
wear-resisting  qualities  of  a  floor  which  is  subjected  to  grinding  action 
from  heavy  trucking,  that  is,  provided  the  floor  contains  the  proper  hard 
aggregate  and  is  what  might  be  called  a  good  floor  to  start  with.  Under 
occasional  very  light  trucking  or  foot  traffic^many  of  these  after-hard- 
eners are  very  beneficial,  and  in  either  case  are  more  or  less  efl"ective  in 
preventing  dusting. 

Integral  hardeners  and  accelerators  are  recommended  for  use  in  Type 
"B"  and  "C"  finish,  provided  no  mesh  or  reinforcement  is  to  be  placed 
in  same.  This  type  of  hardener  is  also  recommended  for  monolithic  finish 
when  used  in  connection  with  plain  concrete,  but  should  not  be  used  in 
monolilliic  finish  or  reinforced  concrete  until  more  favorable  information 
as  their  action  on  metal  is". available. 
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Manufacturers'  recommendations  as  to  quantity  to  be  used  should  be 
followed,  except  in  very  warm  weather,  when  the  amount  may  be  reduced. 
This  reduction  in  amount  is  wholly  a  matter  of  judgment  and  is  dependent 
on  temperature,  etc. 

Miscellaneous  Items. 

Where  artificial  heat  is  used  in  connection  with  finish  floor  work,  a 
temperature  of  about  60  deg.  should  be  maintained.  Too  much  heat  will 
cause  floor  to  dust  badly  when  dried  out. 

Placing  of  all  floor  finish  should  be  arranged  so  that  it  will  be 
unnecessary  to  wheel  over  newly  laid  work.  Where  it  is  necessary  to 
wheel  over  "Green"  finish,  great  care  should  be  taken  to  prevent  damage 
to  floor  already  finished.     This  can  be  cared  for  as  follows: 

Place  planks  or  timber  on  building  paper  parallel  to  the  runway  and 
with  a  bearing,  directly  over  either  beams  or  girders.  These  supports 
should  be  placed  a  sulficient  distance  apart  to  allow  for  a  spring  action 
in  the  2-in-  plank  cress  supports  directly  under  runways. 

Test  to  Determine  Wear  Resisting  Qualities. 

During  the  early  part  of  the  present  month  the  Turner  Construction 
Co.  carried  out  an  extremely  accelerated  and  concentrated  test  on  a  sec- 
tion of  permanent  floor  finish  (not  a  sample).  The  finish  on  which  this 
test  was  conducted  was  of  the  "B"  or  "placed  later"  type  which  had  been 
in  place  five  and  a  half  months,  and  was  installed  in  accordance  with  the 
foregoing  recommendations  for  this  type  of  floor. 

The  testing  apparatus  was  arranged  in  a  manner  to  concentrate  *in  a 
given  path  the  maximum  grinding  action  that  could  possibly  be  developed 
with » many  years  of  extremely  heavy  factory  or  warehouse  trucking. 

Testing  Machine. — Four  wooden  boxes  each  mounted  on  two  10  in. 
diameter  by  3  in.  face  iron  wheels  were  rotated  about  a  vertical  shaft 
which  was  driven  by  bevelled  gears  and  10  hp.  motor.  These  boxes  were 
loaded  with  sand  and  held  on  a  6x6  in.  radius  measured  to  center  line 
of  trucks,  by  wooden  arms,  constructed  with  a  vertical  knuckle  in  each 
arm  to  guard  absolutely  against  any  lifting  action. 

The  total  weight  on  each  pair  of  wheels  was  635  lbs.  The  axles  were 
fixed,  not  pivoted,  thereby  causing  a  severe  grinding  action  on  the  floor 
while  turning  on  the  short  radius.  The  speed  of  th^ese  loaded  trucks  was 
regulated  so  that  a  pair  of  wheels  passed  over  any  given  point  on  the 
circumference  of  the  circle  1740  times  per  hour  or  a  total  travel  of  269 
miles  during  the  twenty  hours  that  the  machine  was  in  operation.  This 
travel  was  measured  at  the  center  line  of  the  trucks.  The  maximum  wear 
at  any  point  was  about  %  in.  and  the  floor  was  left  in  practically  an 
uninjured  condition. 

In   order   to   determine   the   value   of   the   knife   cut   joint   which   wfis 
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referred  to  under  "Joints"  this  testing  machine  was  centered  on  and 
operated  over  a  knife  cut  joint  which  was  also  a  fill  line  between  finish 
placed  on  different  days.  The  result  obtained  after  the  twenty  hours  of 
continuous  grinding  over  this  joint  was  very  gratifying.  The  joint 
remained  in  perfect  condition  without  the  slightest  sign  of  crumbling  on 
either  side. 

On  the  work  where  this  test  was  conducted  Quickstone  Liquid  Integral 
Hardener  was   incorporated  in  the  floor  finish  mixture. 

Kalman  Cement  Floor  Finish. 

Cement  floors  are  installed  by  the  Kalman  Floor  Co.  using  the  basic 
prijicipals  covered  by  the  Bruner  patents  which  that  company  acquired 
from  Preston  M.  Bruner,  of  St.  Louis,  Mo.     The  method  is  as  follows: 

Several  hours  after  the  structural  concrete  slab  or  base  is  in  place, 
the  exact  time  being  dependent  upon  the  atmospheric  conditions,  the  sur- 
face of  the  concrete  is  prepared  to  provide  a  bond  for  the  finished  coat 
which  is  applied  later. 

After  the  slab  has  thrown  off  its  excess  water  and  at  a  time  when  the 
concrete  will  crumble  under  a  steel  brush,  rather  than  smear,  the  surface 
is  well  brushed  with  wire  brooms,  all  fine  material  and  laitance  are 
swept  from  the  surface  exposing  the  coarse  "aggregate. 

On  the  day  before  finish  is  placed,  all  the  area  to  be  covered  is  thor- 
oughly washed  with  water  and  the  slab  kept  wet  until  the  finish  is  to  be 
applied.  Immediately  before  finish  is  placed,  dry  cement  is  sprinkled  on 
the  wet  surface  of  the  rough  slab  and  a  broom  is  used  to  sweep  this  cement 
into  a  grout  which  fills  all  the  pores  and  crevices  in  the  rough  slab. 

Screeds  are  set  to  established  grade  and  the  concrete  which  is  a  mix- 
ture of  I  part  cement,  1  part  sand  and  li/^  parts  pea  gravel  or  granite 
chips  is  rodded  off  with  a  straight  edge  in  the  usual  manner.  The  finish 
coat  is  mixed  to  a  consistency  which  will  permit  of  economical  rodding. 
Mixing  is  done  by  one  bag  mixer  set  upon  the  floor  adjacent  to  the  work. 
This  mixer  is  hoisted  from  floor  to  floor  as  the  work  progresses. 

Immediately  following  rodding,  the  surface  is  covered  with  a  loosely 
woven  burlap  in  3  ft.  widths,  over  which  a  dry  mixture  of  equal  parts 
sand  and  cement  is  spread  to  a  depth  of  from  %  to  1  in.  in  thickness. 
This  dryer  acts  as  a  blotter,  absorbing  the  excess  water  in  from  15  to  20 
minutes.  * 

In  about  20  minutes  after  the  dryer  is  spread,  the  burlap  strips  with 
the  now  moist  material  are  lifted  off  and  this  moist  material  returned 
to  the  concrete  mixer  where  the  proper  amount  of  coarse  aggregate  is 
added,  for  use  in  the  following  batches. 

Immediately  after  the  burlap  is  removed  the  surface  is  floated  with 
a  heavy  electrically  driven  impactor  which  brings  sufficient  moisture  to 
the    surface    to    permit   of   troweling   by    masons.      This    mechanical    float 
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which  Aveighs  110  lbs.  is  driven  by  a  %  hp.  motor  and  is  easily  operated 
by  one  man. 

Ordinarily,  two  trowelings  in  addition  to  the  impacting,  which  is  done 
by  the  motor-driven  float,  complete  the  work.  The  time  required  under 
normal  conditions  is  about  40  minutes  from  the  time  the  finish  is  first 
placed  until  it  has  been  floated  with  a  mechanical  float  and  received  one 
hand  troweling.  The  final  troweling  or  polishing  usually  takes  place 
within  three  hours. 

The  dry  material  used  on  the  last  section  of  burlap  placed  in  each 
day's  work  must  be  wasted  unless  some  other  masonry  work  in  which 
same  can  be  used  is  under  way  at  the  same  time. 

A  layer  of  sawdust  approximately  1  in.  thick,  kept  damp  for  aoout 
ten  days  by  frequent  wetting  is  used  to  protect  and  "cure"  the  completed 
floor.  This  treatment  is  generally  applied  on  the  work  that  was  completed 
on  the  previous  day. 

A  liquid  floor  hardener  is  applied  when  floor  is  dried  out. 

Following  are  a  few  points  covered  by  the  Kalman  method  which  are 
theoretically  correct  and  are  very  important : 

a.    The  absolute  control  of  the  water  ratio  accomplished  by  absorption. 

&.  All  necessary  impacting,  floating,  etc.,  except  the  final  troweling, 
can  be  done  before  cement  takes   initial   set. 

c.  By  the  use  of  the  mechanical  float  or  impactor,  a  very  dense  floor 
surface  is  secured,  and  a  greater  percentage  of  coarse  aggregate  can  be 
used  than  would  be  practicable  by  hand  method  . 


-       A  SPECIAL  TYPE  OF  FLOOR  FINISH. 
By  W.  M.  Bailey.* 

Before  laying  the  type  of  floor  finish  described  in  this  paper,  a  num- 
ber of  tests  were  made  on  various  kinds  of  concrete  surfaces  to  determine 
the  one  having  the  greatest  resistance  to  wear  and  best  adapted  to  the 
severe  wearing  conditions  occurring  in  industrial  plants.  The  problem 
was  considered  with  reference  to  (a)  materials  incorporated  in  the  finish 
and   (b)   method  of  laying  the  finish. 

In  order  to  obtain  as  nearly  as  possible  conditions  encountered  in 
commercial  practice,  a  testing 'machine  was  made  consisting  of  four  boxes 
mounted  on  small  steel  v/heels,  attached  to  wood  arms  held  in  a  central 
vertical  shaft.  These  four  boxes  were  driven  by  ^a  motor  so  that  they 
revolved  on  a  circumference  with  a  radius  of  approximately  7  ft.  The 
boxes  were  weighted  with  sand  and  tests  to  destruction  were  made  on  a 
number  of  different  kinds  of  floor  finishes.  Under  these  severe  tests  the 
ordinary  granolithic  finish  showed  signs  of  wear  within  five  minutes  after 
the  tests  were  started,  while  the  sample  of  finish  finally  selected  (which 
has  come  to  be  known  as  the  Bailey  Finish)  stood  up  for  over  thirty  hours 
without  appreciable  signs  of  wear. 

Attention  is  called  to  the  fact  that  the  wheels  on  the  sand  boxes  were 
not  pivoted  in  order  to  produce  rotary  grinding  similar  to  the  eff'ect  of 
heavily  loaded  tractors  and  trailers  in  turning.  This  action  had  a  far 
more  destructive  effect  than  the  general  wear  from  straight  run.  The  test 
also  showed  that  quartz  particles  in  the  sand  on  the  ordinary  granolithic 
finish  oftentimes  were  broken  out  causing  a  pitted  surface.  This  is  prob- 
ably due  to  the  quartz  being  fractured  along  the  planes  of  crystallization. 

The  material  for  floor  finish  to-be  described  consists  of  1  part  cement 
and  2  parts  trap  rock,  graded  in  size  to  produce  minimum  interstitial 
spaces  in  order  to  approach  as  nearly  as  possible  a  solid  trap  rock  surface. 
The  general  appearance  of  this  type  of  finish  resembles  terrazo  except  that 
the  area  of  voids  is  greatly  reduced.  Special  attention  was  given  to  the 
method  of  laying  the  finish  in  order  to  insure  against  dusty  surface  which 
is  often  encovmtered  in  granolithic  surfaces.  In  order  to  compact  the 
aggregate  and  reduce  the  interstitial  spaces  to  a  minimum,  the  finish  was 
subjected  to  successive  rollings  as  described  below.  The  rolling  also  forces 
out  excess  water,  laitance  and  other  impurities.  Grinding  was  done  solely 
to  remove  the  hardened  film  on  the  surface. 

The  finish  aggregate  consisted  of  two  sizes  of  trap  rock  passing 
through  %  in.  and  %  in.  rings  and  retained  on  %  in.  and  %  in.  rings, 
respectively. 

The  mode  or  procedure  of  laying  the  finish  is  as  follows: 

a. — Surface  of  floor  slab  shall  be  carefully  prepared  to  insure  perfect 
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b. — Mix  dumped  on  floor  and  screeded.  The  consistency  of  tlie  mix 
should  be  such  that  it  will  stand  in  piles,  when  dumped  from  buggies. 

c. — Screeds  removed  and  additional  aggregate  sprinkled  over  the 
entire  surface  to  decrease  voids  to  a  minimum.  This  additional  stone  is 
troweled  into  the  body  of  the  mix  by  means  of  steel  trowels,  used  flat, 
and  wood  floats.  After  about  one  hour,  depending  on  the  set,  the  finish 
is  ready  for  rolling. 

d. — The  initial  rolling  is  done  by  a  concrete  roller  with  a  width  of 
about  2  ft.  and  weighing  about  50  lbs.  per  lin.  ft.  Surface  is  rolled  both 
lengthwise  and  crosswise  confining  one  series  of  rollers  to  each  direction. 

e. — In  the  second  rolling,  rolls  weighing  100  lbs.  per  lin.  ft.  are  iised. 
This  is  started  when  the  finish  is  sufficiently  set  to  avoid  breaking  in  front 
of  roller. 

/. — The  third  and  last  step  in  the  rolling  process  consists  of  using  a 
roller  weighing  350  lbs.  per  lin.  ft.  and  4  ft.  6  ins.  in  length.  This  rolling 
compacts  the  aggregate  into  position,  reducing  the  void  area  to  a  minimum 
and  forces  out  all  excess  cement.  Any  unevenness  in  the  surface  left  by 
the  rollers  is  smoothed  out  by  steel  trowels. 

g. — After  about  fourteen  hours  depending  upon  the  temperature  of  the 
air,  the  floor  is  flooded  with  water  to  a  depth  of  1  in.,  and  the  water  is 
kept  at  this  depth  for  about  four  days. 

k. — Rotary  motor-driven  grinders  are  used  to  remove  the  hardened 
scum,  laitance,  etc.,  on  the  surface.  Sand  is  used  to  keep  the  scum  from 
sticking  to  the  grinding  blocks. 

i. — Floor  is  washed  wil<h  clean  water  after  which  it  is  ready  for  traffic. 

This  type  of  floor  has  the  advantage  of  eliminating  much  overtime 
work.  Fourteen  thovisand  square  feet  of  this  finish  have  been  laid  in  one 
operation.  Although  the  unit  cost  is  probably  slightly  in  excess  of  grano- 
lithic, the  greatly  increased  wearing  qualities  of  the  finish  described  in 
this  article  over  the  ordinary  granolithic  more  than  offset  any  excess  unit 
costs. 

It  is  felt  that,  in  future,  as  much  attention  will  be  given  to  "perma- 
nency" in  concrete  floor  finish  as  has  been  given  to  the  importance  of  this 
term  as  applied  to  concrete  construction  in  general. 


SMALL  .CONCRETE  HOUSES  AT  ROCHESTER,  N.  Y. 
An  Informal  Talk  by  Kate  Gleason.* 

I  always  like  to  talk  about  these  houses,  but  particularly  to  you 
people,  because  I  think  you  will  sympathize  with  me.  The  reason  I  par- 
ticularly like  to  build  houses  to  sell  for  about  $4000  is  that  the  people 
who  are  interested  in  that  price  are  the  finest  people  to  do  business  with 
I  know.  The  ones  who  want  the  $10,000  and  $12,000  houses  are  so  hard  to 
suit  that  I  haven't  the  time  to  try;  and  the  people  who  want  cheaper 
houses  are  usually  rather  slip-shod,  do  not  appreciate  them  and  do  not 
try  to  improve  th^n. 

]\Iy  selling  price  without  the  lot  is  about  $3600,  but  that  has  to 
include  a  certain  price  for  marketing,  and  it  also  costs  something  to 
collect  when  I  take  only  $400  down  and  $40  a  month,  then  the  interest 
and  taxes  are  taken  out  of  the  $40,  and  naturally  that  extends  over  a 
period  of  years  and  needs  bookkeeping;  so  if  you  people  were  to  build  the 
houses  for  $3200  each  for  somebody  who  would  pay  you  for  them  and  sell 
them,  you  could  make  money  on  them,  1  mean  probably  a  good  deal  more 
than  I  do  because  you  have  better  organizations  and  you  have  been  longer 
in   the   business. 

The  reason  why  I  took  to  poured  concrete  is  that  1  have  a  remarkably 
fine  sand  pit  within  a  mile  of  the  propertj',  and  then  another  thing,  'Mr. 
Ransome,  of  the  Ransome  and  Smith  Co.,  pioneered  in  our  locality.  He 
put  up- the  American  Piano  Co.  building  about  18  years  ago,  and  he  edu- 
cated the  countrymen  around  there  to  concrete  construction  so  that  they 
all  know  how  to  do  it  and  do  it  very  well. 

One  reason,  of  course,  that  my  price  comes  low  is  this  sand  bank;  I 
do  charge  sand  to  the  job  at  $1.50  a  yard  and  make  money  at  that.  If 
I  had  to,  I  could  deliver  it  at  $1.00  a  yard,  and  I  do  not  suppose  many 
of  you  can  get  good  sand  at  that  price.  Then  another  thing,  my  wages 
average  50  cents  an  hour,  counting  the  foreman,  the  skilled  help,  plumbers, 
electricians,   and   everything   else   along   with   the   ordinary   men. 

I  am  going  to  give  you  a  little  idea  of  what,  it  seems  to  me,  is 
economical  equipment.  Chimney  and  drain  tile  forms — that  is  a  handy 
thing  to  have;  in  bad  weather  the  men  can  be  putting  ahead  those  tiles. 
And  then  a  saw  table  with  an  electric  motor.  The  trouble  about  a  gaso- 
line motor  is  this,  that  in  cold  weather  it  is  hard  to  start.  About  four 
portable  sheds,  that  one  can  move  from  one  place  to  another — they  are 
good  for  concrete  and  for  all  kinds  of  rough  things.  One  portable  office 
and  tool  house.  Two  Ford  chassis.  You  do  not  need  any  chautYeurs  if 
you  have  a  Ford  chassis,  anybody  can  run  a  Ford;  and  so,  when  a  man 
wants  something,  he  simply  lays  liis  hand  on  the  Ford  and  goes  after  it 
and  gets  it  and  ho  is  1)ack  ))cfore  you  know  he  wants  it. 
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Then  you  want  with  that  about  three  one-ton  trailers.  I  can  take  my 
cement  from  the  railway  switch  to  the  storage  shed,  half  a  mile  away, 
for  a  cent  a  bag.  You  see  the  1-ton  trailer  is  there,  the  men  are  loading 
it,  then  the  Ford  hitches  on  and  takes  it  over  to  the  storage  shed;  the 
men  are  there  to  unload  it.  The  driver  leaves  the  loaded  trailer,  hitches  on 
to  the  empty  one  and  takes  it  back,  and  in  the  meantime  the  men  at  the 
car  are  loading  the  other;  it  is  a  continuous  procession;  there  are  only 
four  men  and  the  driver  needed  to  unload  that  whole  car.  We  have  un- 
loaded a  car  of  cement  in  three  hours  with  four  men. 

Then  we  need  another  trailer  equipped  with  a  jilumbing  and  electric 
outfit,  cutting  tools  and  vises  and  threading  tools  and  things  of  that  kind. 
You  move  that  around  from  house  to  house.  Then  there  is  the  concrete 
lifter.  We  made  our  own  because  our  work  is  small  and  we  find  that  we 
get  through  all  our  pouring  in  fifteen  hours  for  a  complete  house;  that 
includes  the  first  and  second  story  walls,  the  stairs,  the  stair-well,  the 
chimney  complete,  the  floor,  the  beams  and  the  columns.  And  then  you 
Jiave  to  move  your  machine.  If  yovi  have  one  of  these  heavy  machines,  it 
takes  a  day  and  a  half  of  5  men  to  move  it.  We  can  move  the  telescopic 
machine  that  we  made  on  ovir  job  in  two  hours  with  3  men  and  a  team. 
I  know  it  would  not  pay  for  anything  but  a  light  job,  because  we  cannot 
lift  more  than  a  yard  with  it  to  advantage,  in  fact  we  get  along  a  little 
faster  with  our  7hp.  hoist  if  we  haven't  the  bucket  quite  filled;  it  some- 
times jerks  when  you  have  too  big  a  load  in  it. 

Then  we  want  about  two  sets  of  steel  stairforms.  They  are  the  only 
steel  forms  we  use,  and  the  stairs  include  the  stair-well.  We  fill  all  forms 
in  one  job.  We  use  steel  plates  for  the  floor  form,  because  we  use  open 
reinforcement,  pour  through  this  open  mesh  on  to  the  steel  plates,  which 
gives  us  a  smooth  finish  and  all  we  have  to  do  is  to  give  it  a  little  stoning, 
to  have  our  ceiling  all  done,  with  no  plastering  to  be  done  to  it.  Three 
sets  of  .wood  wall-forms,  and  these  we  make  ourselves.  Three  sets  of 
beam  and  column  also  of  wood.  Three  sets  of  chinmey  forms,  also  of 
wood.  They  are  easy  to  move.  I  tried  steel  forms,  and  for  our  job  where 
we  require  to  move  them  so  often,  we  found  they  were  very  clumsy,  in 
fact  we  only  tried  to  move  them  once. 

Then  two  sets  of  ladder  scaffolds.  That  is  something  I  found  oyer 
in  France.  I  had  tried  the  steel  scaffolds  and  the  trouble  about  them  is 
that  the  men  let  them  go  smash  Avhen  dismantling  them  and  they  all 
bend  into  knots  and  you  never  can  get  them  up  the  way  they  were  to 
start  with.  You  use  a  pair  of  extension  ladders  and  just  the  braces  on 
the  side  and  as  many  sets  as  you  need  to  extend  across  the  front  of  your 
building.  They  are  very  easy  to  move  and  they  do  not  run  much  into 
money  and  they  will  last  all  the  way  through.  The  men  can  use  them 
for  the  roof  as  well  as  for  the  stucco,  in  putting  on  the  conductor  pipe 
or  anything  that  you  need  a  scaffold  for. 

I  would  arrange  the  portable  sheds  and  the  shed  over  the  saw  table 
to  form  a  hollow  sqiiare.  Put  your  lumber  and  other  material  in  the 
hollow  square,  and  you  won't  lose  so  much  of  it. 
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The  equipment  will  run  about  $G,000  to  take  care  of  about  25  houses, 
which  is  a  very  economical  number  to  build,  as,  on  the  average,  it  pays 
to  get  all  your  houses  done  and  all  your  clean-up  work  done  before  you 
let  any  tenants  move  in.  If  you  let  a  tenant  move  in,  they  have  a  talent 
that  amounts  to  genius  for  thinking  something  needs  to  be  done  to  their 
house  while  the  men   are   around. 

When  it  comes  to  the  design,  my  special  preference  is  for  one  general 
design.  I  received  that  preference  when  I  saw  the  World's  Fair,  which 
was  on  the  Greek  order;  then  take  that  wonderful  development  in  New 
York,  Forest  Hills,  old  NuTemburg  style,  and  then  there  is  Venice,  in 
Italy,  on  the  Renaissance  style,  and  all  those  little  English  villages.  It 
is  also  a  more  economical  form  of  building,  and  it  seems  to  me  a  more 
pleasing  one  than  to  run  in  the  Queen  Anne  and  Dutch  and  Colonial  and 
mansard  roofs,  etc.,  all  within  a  few  squares  of  each  other. 

It  is  a  very  good  practice,  I  find,  to  avoid  grading  wherever  possible 
and  follow  the  contour  of  the  land ;  it  helps  on  the  cost  and  on  the  appear- 
ance. Mr.  Whipple  has  advertised  for  me  here  in  Cleveland  that  I  tried 
to  please  the  ladies  with  a  mirror  and  a  powder  puff',  but  I  try  harder 
to  please  the  men  and  put  in  a  garage  that  is  warm  on  these  cold  morn- 
ings, and  provide  the  garage  with  doors  and  hangers  that  cost  enough  to 
put  mirrors  and  powder  puffs  into  forty  houses;  so  you  see  I  spend  more 
money  on  the  men  than  on  the  women. 

I  put  in  a  small  kitchen.  I  copied  that  from  the  Pullman  diners;  they 
serve  three  hundred  people  in  a  space  of  about  2x3  ft.  and  in  order  to 
show  it  could  be  done  I  equipped  my  kitchens  with  stoves,  with  special 
kitchen  cabinets,  with  a  very  special  mixing  faucet  that  usually  goes  into 
very  expensive  houses,  and  a  refrigerator  and  laundry  tray.  I  explained 
to  the  women  that  if  they  want  to  go  to  the  movies,  all  they  have  to  do 
is  to  shove  the  dishes  in  the  laundry  tray,  put  down  the  cover  and  forget 
them,  and  may  be  if  you  soak  them,  in  the  morning  they  will  be  clean 
any  how. 

Another  way  that  I  economize  that  seems  to  me  is  money  saved  to 
good  advantage,  is  making  no  cellars.  For  one  thing,  that  saves  plumb- 
ing, you  see,  you  at  once  save  about  8  ft.  of  4-in.  soil  pipe  any  how,  and 
you  save  on  the  sewerage;  you  do  not  have  to  go  down  so  far  to  get  to 
the  sewer.  It  saves  an  extra  stairway.  It  gives  a  great  deal  more  bed- 
room space  up  above,  if  you  put  your  garage  out  at  the  side  and  use  it 
as  you   woxild  a  cellar. 

Now  about  the  insurance.  That  thing  of  putting  the  garage  in  the 
house  only  costs  15  cents  a  hundred  extra  for  insurance,  and  it  is  not 
necessary,  of  course,  in  these  houses  to  have  any  insurance  unless  one  has 
a  mortgage  on  it,  then  those  mortgage  owners  certainly  are  very  par- 
ticular. 

One  of  the  things  that  it  seems  to  me  is  economical  is  to  let  the  length 
of  your  house  be  what  you  will,  l)ut  keep  to  a  10-ft.  span.  If  you  have 
ever    noticed    the    tables    issued    by   the    reinforceinent   people,    they    give   a 
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great  deal  less  weight  of  reinforcement  necessary  for  those  small  spans 
than  they  do  when  it  goes  up.  I  can  buy  reinforcement  that  will  give 
70  lb.  per  foot,  which  is  more  than  most  building  codes  require,  on  a 
10  ft.  span.  Well,  it  really  is  not  a  10  ft.  span,  it  is  10  ft.  from  outside 
to  outside,  9  ft.  2  in.  between  bearings.  I  can  buy  that  reinforcement  at 
the  present  time  for  5  cents  per  square  foot,  cut  to  size,  and  if  you  are 
buying  it  for  over  that,  you  know  it  runs  way  up.  Then  another  advantage 
thjit  short  spans  give  you  is  your  roof,  two  by  fours  is  all  you  need  in 
your  roof. 

Then  another  economy,  it  seems  to  me,  is  in  the  ceiling  heights,  7^; 
ft.  from  floor  to  floor,  from  the  top  of  the  floor  to  the  top  of  the  next 
floor;  that  is  7  ft.  2  in.  in  the  clear.  You  get  away  with  11  treads  on 
your  stairs,  instead  of  the  customary  17;  that  takes  less  room  and 
requires  less  money.  It  is  a  great  advantage  with  the  pipeless  furnace, 
because  it  does  not  give  a  chance  for  the  heat  to  stay  up  there,  you  get 
circulation,  and  the  pipeless  furnace  is  certainly  the  one,  for  with  this 
we  can  heat  our  house  20  x  ,30  ft.  with  the  garage,  with  a  temperature 
sometimes  10  deg.  below  zero,  with  five  tons  of  coal  per  year.  I  have 
been  told  that  the  fashion  of  9  ft.  ceilings  for  small  houses  dates  from 
the  time  of  gas  chandelier's  which  had  to  come  down  pretty  low  i*i  the 
room  in  order  not  to  burn  the  ceilings,  and  that  does  not  apply  to  the 
present  electric  light.  Then  too  7  ft.  2  in.  gives  you  a  better  looking 
room.  I  you  have  a  bedroom  10  ft.  square,  it  really  makes  the  bedroom 
look  quite  large.  I  have  surprised  a  good  manj^  people  by  telling  them 
that  the  20  x  30  ft.  houses,  two  stories,  cost  me  so  much  less  money  than 
the  20  X  20  ft.  three  stories.  I  have  not  yet  built  a  one-story  house,  but 
I  feel  that  in  the  concrete  one  story  is  going  to  be  the  most  economical 
house.  A  one  story  house  can  have  lighter  foundations  and  lighter  walls 
and  will  take  still  less  time  to  pour,  there  is  less  plumbing  and  no  stair- 
way, and  I  have  been  amazed  to  find  how  little  extra  the  extra  space  in 
the  roof  costs,  it  does  not  cost  anything  more  than  the  added  material; 
the  men  get  through  with  a  20  x  30  ft.  roof  "in  the  same  time  as  they  do 
in  the  20  x  20  ft.  That  is  explained  by  the  fact  that  the  fitting  is  all  on 
the  corners ;   straight  work  does  not  take  long. 

One  thing  I  find  costs  a  great  deal  of  money  when  one  tries  to  vary 
the  style  of  the  roof  is  valleys ;  I  do  not  put  any  valleys  in.  If  I  want 
to  add  to  the  appearance,  it  seems  to  me  to  be  a  more  economical,  a  more 
pleasing  way,  to  buy  tile  or  colored  slate  or  something  of  a  permanent 
value  that  only  goes  on  the  high  priced  houses.  It  is  a  curious  thing, 
you  can  put  one  little  touch  on  a  $4000  house  that  usually  goes  on  a 
.$10,000  house,  and  the  people  who  live  in  it  have  the  feeling  that  it  is  a 
$10,000  house. 

There  is  something  I  adopt  in  my  house  that  I  am  surprised  is  not 
jnore  generally  used,  because  you  will  notice  house  plans  seldom  show  it, 
and  that  is  one-line  plumbing,  have  the  bathroom  and  kitchen  either  side 
by  side  or  one  directly  above  the  other.     And  a  great  difference  can  be 
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made  in  the  cost  of  the  plumbing  by  putting  the  head  of  the  tub,  the 
closet  and  basin  right  in  line  instead  of  putting  the  tub  on  one  side  of 
the  room  and  the  other  two  things  on  the  other.  Every  time  you  save 
$5.00  apiece  on  25  houses,  you  save  $125;  that  is  one  of  the  beauties  of 
.  building  them  in  quantity. 

I  have  to  tell  you  once  in  awhile  of  my  mistakes,  and  one  of  them 
was  in.  trying  to  get  an  artistic  effect  on  these  small  houses  by  adapting 
Frank  Lloyd  Wright's  plan  of  the  panels  under  the  windows.  No  doubt 
Mr.  Wright  had  some  reinforcement  to  make  up  for  that,  and  all  I  did 
was  to  copy  it  from  a  picture  without  paying  him  any  commission,  so 
naturally  I  had  to  pay  the  price  somehow,  and  the  price  I  found  was 
that  the  3  in.  under  the  window  shrunk  faster  than  the  4  in.  in  the  adjoin- 
ing wall  and  I  would  be  apt  to  have  a  crack  right  there  under  the  win- 
dow; so  you  want  to  keep  the  wall  equal  thickness;  at  least  I  do,  after 
this. 

Another  trouble  I  found  was  putting  sills  under  the  windows ;  it  makes 
another  joint  for  the  wind  to  drive  the  rain  through  when  it  is  strong 
enough  to  do  any  driving.  Then  it  pays  better  to  slant  your  windows 
at  the  top  and  the  bottom,  so  that  the  rain  will  have  to  drive  uphill; 
it  is-  not  so  easy  for  it  to  do  that  as  to  go  straight  in. 

One  thing  that  has  been  successful  with  me  is  letting  contracts  for  a 
good  deal  of  the  work,  for  instance,  putting  up  the  forms.  In  a  contract 
job  the  men  feel  as  though  they  are  in  business  for  themselves.  I  make 
the  contract  to  take  down  the  forms,  move  them  to  the  new  place  and  put 
them  up,  and  it  is  understood  that  the  jjlace  it  is  to  be  moved  to  is  only 
the  adjoining  house.  If,  for  any  reason,  we  would  have  to  move  them 
100  ft.  or  more,  I  would  have  to  do  the  moving  on  our  own  time. 

I  used  to  erect  one  story  at  a  time,  first  a  wall  and  then  a  floor  and 
then  a  wall  and  then  a  floor  and  then  the  third  wall.  There  is  a  disad- 
vantage in  that  you  get  an  uneven  texture  on  the  outside  that  is  e.pt  to 
show,  so  this  year  we  make  our  wall  forms  in  vertical  panels  and  erect 
the  two  floors  at  once,  the  two  stories,  rather,  at  once.  We  also  put  in  our 
floors,  but  we  only  pour  a  story  at  a  time.  We  leave  a  space  after  the 
first  story  in  which  we  can  pour  the  wall,  then  we  pour  the  floors  just 
as  thougli  they  were  erected  separately,  but  the  result  is  one  mass  when 
you  are  through  without  costing  any  more  to  do  your  pouring.  We  also 
have  to  promise  our  contractors  who  move  the  forms  for  us,  that  we  will 
furnish  them  a  foundation  absolutely  level.  They  do  not  have  to  do  any 
adjusting  on  their  forms;  that  is  attended  to,  and  we  save  a  great  deal 
of  money  by  that  and  get  a  better  looking  place  as  well. 

It  also  pays  us  to  furnish  a  house  as  we  think  it  ought  to  be  fur- 
nished; we  keep  one  sample  house.  I  have  in  mind  now  the  furnisliing  of 
25  houses  which  I  am  building. 


DISCUSSION. 


E.  D.  BoYER. — How  do  you  finish  the  interior  walls  of  the  house?        Mr.  Boyer. 

Miss  Kate  Gleason. — At  the  present  time  I  am  using  on  the  nailing  Miss  Gleason. 
strips,  fiber  board  which  I  buy  directly  from  the  mill.  It  is  the  same 
class  of  board  as  that  sold  by  the  dealers,  and  is  guaranteed  to  withstand 
350  lb.  pressure  per  12  in.  I  have  seen  it  under  the  testing  machine.  It 
forms  an  air  space  inside  the  poured  wall,  but  of  course  it  is  not  good  to 
look  at,  so  on  top  of  that  we  put  8  oz.  duck,  on  frames  so  we  get  two  air 
spaces,  the  one  between  the  fiber  board  and  the  concrete  and  the  one 
between  the  fiber  board  and  the  canvas;  then  the  canvas  is  our  finish. 

Mb.  Boyer. — So  that  you  have  no  condensation  on  the  interior  wall  ?    Mr.  Boyer. 

Miss  Gleason. — No,  the  only  place  we  have  to  look  out  for  trouble  Miss  Gleason. 
is  around  the  window  frames.  The  windows  open  out,  and  I  do  not  have 
any  trouble  now  that  I  have  got  the  sills  right.  There  was  a  chance  for 
the  water  to  blow  in  under  here  and  up  above  here,  and  then  there  is  a 
shoulder  inside  the  window  so  that  the  water  does  not  get  in  through  the 
frame  itself,  and  we  tip  it  down  here  a  bit  and  do  not  have  any  sills. 
The  water  did  not  enter  but  one  house,  but  it  might  happen  on  others,  so 
we  did  not  take  any  chances  on  it  happening  at  all.  I  am  very  much  in 
favor  of  those  French  Avindows,  because  they  give  so  much  ventilation 
without  taking  up  wall  space;  you  get  as  much  ventilation  as  you  do 
with  a  double  window,  by  the  time  you  run  one  ujJ  against  the  other  you 
have  only  got  one  opening  anyhow,  and  with  this  you  get  the  full  space 
of  the  opening- and  all  this  space  below. 

A  Member. — How  are  the  attic  floors  finished  off?    Is  the  attic  floor  A  Member, 
concrete  ? 

Miss  Gleason. — No,  I  make  it  of  wood.     I  expect  to  make  a  change   Miss  Gleason. 
perhaps  next  year,  but  I  am  making  all  the  roofs  of  wood  with  asbestos 
shingles. 

A  Member. — What  is  the  finish  on  the  outside?  A  Member. 

Miss  Gleason. — That  is  stucco.  We  have  no  better  way  to  put  it  Miss  Gleason. 
on  than  with  twigs;  I  have  tried  using  the  machine,  but  it  is  too  heavy 
for  our  men,  and  there  isn't  any  way  we  can  lighten  it  up,  but  we  figure 
on  getting  a  plant;  I  have  thought  that  something  on  the  order  of  those 
hand  sprays  that  you  use  for  the  gardens,  with  a  little  more  power,  might 
do  for  it,  but  we  have  not  had  a  chance  to  try  it  yet. 

Mr.   Boyer. — In  other  words,  you  just  dash  on  one  coat  on  the  fin-   Mr.  Boyer. 
ished   structure  ? 

Miss  Gleason. — Yes.  Miss  Gleason. 

A  Member.- — That  is  cement  and  stucco,  Portland  cement  and  stucco?   A  Member. 

Miss   Gleason. — Yes,  that  is  what  it  is.     Do  you  want  me  to  tell  Miss  Gleason. 
you  what  we  do  in  the  way  of  reinforcement?    We  reinforce  a  rod  around 
every  opening  no  matter  what  size  it  is,  simply  to  get  away  from  cracks, 
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Miss  Gleason. 


A  Member. 

Miss  Gleason. 
Mr.  Whipple. 

Miss  Gleason. 


Mr.  Boyer. 
Miss  Gleason. 
A  Member. 
Miss  Gleason. 


A  Member. 
Miss  Gleason, 
A  Member. 
Miss  Gleason. 


not  with  any  idea  that  it  strengthens  it.  We  reinforce  over  the  garage 
doors  and  in  the  columns  and  in  the  beams,  and  we  put  one  rod  around  the 
roof  line,  to  tie  it  together.  I  do  not  know  that  that  is  necessary,  and 
sometime  I  may  make  an  experiment  and  leave  it  oiit,  because  the  roof 
itself  holds  it  very  well,  but  we  do  not  put  any  reinforcement  in  the 
walls.  A  4  in.  upper  wall  without  reinforcement  is  absolutely  'all  right. 
You  never  have  the  sign  of  a  crack  or  settlement  in  them. 

A  Member. — How  rich  do  you  mix  your  concrete? 

Miss  Gleason. — Six  to  one.  We  have  no  stone,  we  use  simply  the 
sand  except  for  the  floor;  we  use  a  richer  mixture  for  the  floor,  but  I  have 
heard  that  you  could  use  as  much  as  ten  to  one,  but  we  have  not  tried  it, 
because  with  the  small  quantity  we  use  we  might  as  well  use  the  six  to 
one.  The  floor  is  reinforced;  I  use  the  welded  wire  at  the  present  time, 
we  can  get  that  cut  for  the  24  ft.  lengths  that  we  want,  and  it  comes  very 
open  mesh  so  that  we  can  form  the  ceiling  of  the  lower  room  at  the  same 
time  we  form  the  floor  of  the  upper  room,  and  we  finish  as  we  go  along 
in  a  rough  sort  of  way,  about  like  you  would  a  sidewalk  finish  for  the 
upper  floor,  and  then  put  a  linoleum  over  it  to  cover  it,  because  we  find 
that  the  more  we  eliminate  hand  finish  in  plaster  or  floors  or  any  other 
part  of  the  house,  the  better,  and  depend  simply  on  machinery;  you  gel 
some  good  men  who  will  do  hand  work  well  for  you,  but  it  costs  a  great 
deal  and  then  once  in  awhile  it  won't  come  right. 

A  Member. — Will  you  explain  your  method  of  making  your  floors 
dustless  ? 

Miss  Gleason. — We  put  linoleum  on  them. 

Harvey  Whipple. — How  did  you  make  your  floors  dustless  before  then, 
before  you  promoted  that  finisher  to  be  a  foreman? 

Miss  Gleason. — We  rubbed  in  a  wax  made  by  the  Vacuum  Oil  Com- 
pany, It  is  ordinary  oil  wax,  paraffin  wax,  and  thai  has  a  certain  amount 
of  oil  in  it,  and  we  ground  that  up  in  a  meat  chopper,  and  dusted  that 
on  and  then  took  an  electric  machine  to  rub  it  in.  We  used  to  make  the 
floor,  when  we  put  the  finish  on,  about  two  to  one  of  cement,  with  a  good 
man  to  do  it,  made  a  very  firm  mixture,  but  the  trouble  is  that  when  that 
particular  man  was  off,  the  next  man  would  put  an  everlasting  amount  of 
water  in,  it  was  easier  for  him  and  did  not  make  as  good  a  finish,  so  it 
was  always  dusting,  as  you  say,  and  we  would  have  to  re-iinish  it  and 
it  would  make  trouble,  so  we  gave  it  up,  we  do  not  try  to  finish  any  more. 

Mr.  Boyer. — Is  that  included  in  the  cost  of  the  house? 

Miss  Gleason. — Oh  yes;   linoleum  is  not  very  expensive. 

A  Member. — How  do  you  finish  the  linoleum? 

Miss  Gleason. — We  do  not  try  to  finish  that;  I  get  the  inlaid  lino- 
leum. Of  course  it  is  better  naturally  for  the  owner  to  varnish  it  or 
shellac  it,  but  when  they  buy  the  houses,  they  will  do  that. 

A  Member. — How  do  you  fasten  the  linoleum  down? 

'Miss  Gleason. — Just  lay  it  down. 

A  Member. — You  do  not  cement  it  down? 

Miss  Gleason. — We  don't  have  to. 


GUN-STONE  HOUSE  AT  WATERTOV\  N,   MASSACHUSETTS. 
By  H.  Whittemoke  Brown.* 

•  A  concrete  house  has  recently  been  constructed  in  Watertown,  Mass., 
that  is  tlie  result  of  considerable  research  on  the  problem  of  constructing 
a  hovise  which  would  combine  as  many  of  the  following  principles  as 
possible: 

1.  Maximum  protection  from  the  elements. 

2.  Economical  use  of   materials. 

3.  Indestructible  by  lire  or  elements. 

4.  Attractive  interior  surfaces. 

The  result  of  this  research  is.  the  system  of  construction  which  Jias 
been  termed  "Gun-Stone,"  because  of  the  combination  of  gunite  and  concrete. 

The  floor  plans  and  perspective  elevation  of  the  Watertown  house  are 
shown  in  Fig.  1. 

The  walls  are  made  up  of  an  exterior  covering  of  ajjproximately  1% 
in.  of  gunite  supported  by  wire  or  expanded  metal  reinforcing  and  attached 
to  a  poured  concrete  frame.  This,  frame  is  made  up  of  sills,  studs,  and 
girts  somewhat  the  same  as  in  braced-frame  wooden  construction. 

Between  the  concrete  studs  there  are  light  wooden  panels  which  have 
waterproof  burlap  or  tarred  paper  next  to  the  gunite,  and  wooden  laths 
on  the  inside  as  a  support  for  interior  plaster. 

At  the  studs  the  inside  of  the  concrete  is  covered  with  tarred  paper; 
metal  lath  is  nailed  to  the  wooden  panels  on  either  side,  covering  the 
space  between  the  panels.  The  whole  interior  surface  is  plastered  in 
the  ordinary  manner.  Thus  every  portion  of  the  interior  plaster  is  in- 
sulated from  the  exterior  concrete  by  tarred  paper  and  by  an  air  space. 
This  air  space  is  about  6  in.  between  studs  and  about  a  ^/4  in.  at  the  studs. 

The  floors  are  similar  in  principle  to  the  exterior  wall:  burlap  covered 

'panels  support  a  poured  slab,  while  the  space  between  panels   forms  the 

stem  of  a  T-beam.     The  plaster  is  insulated  from  the  concrete  of  the  floor 

in  the  same  manner  as  in  the  walls  to  eliminate  any  possibility  of  staining. 

The  interior  partitions  are  of  non-bearing  wood  stud  and  lath  con- 
struction; all  the  interior  load  is  carried  on  concrete  girders  and  columns. 

The  roof  is  made  of  wood,  with  plates  anchored  to  the  concrete  of. the 
third  floor.  The  covering  is  asbestos-backed  asphalt  shingles.  A  wooden- 
roof  was  used  on  this  house  because  the  third  floor  was  not  required  for 
rooms,  and  a  hip  roof  was  necessary  only  for  appearance  and  for  insula- 
tion. With  the  exception  of  the  roof,  every  structural  member  of  the  house 
is  made  of  concrete.  Wood  is  only  used  where  protected  from  fire'  and 
moisture  by  concrete  or  asbestos.  Even  if  the  roof  should  get  afire,  the 
contents  of  the  house  would  be  protected  by  the  concrete  third  floor. 


*  Boston,  Mass. 
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The  house  is  finished  ■\\ith  ordinary  wooden  trim  nailed  to  the  wooden 
panels.  In  the  lower  apartment  wooden  top  floors  are  nailed  to  the  con- 
crete, excepting  in  the  kitchen  and  bath,  where  linoleum  is  used.  The 
upper  apartment  has  linoleum  floors  throughout,  glued  directly  to  the 
concrete. 


FIG.   2. ISOMETKIC   VIEW  OF   STRUCTURAL  DETAILS. 


The  fireplaces  are  finished  with  a  brick  facing  built  against  the  con- 
crete. The  chimney  is  concrete,  made  with  terra  cotta  flue  lining  as  a 
core,  and'  "Metaforms"  for  the  outside  form.  A  wooden  buck  forms  the 
fireplace  openings. 
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As  the  house  is  practically  air  tight,  hot  air  heating  is  used.  Dur- 
ing the  recent  cold  weather,  there  was  no  difficulty  in  heating  every  room. 

The  principal  element  of  this  system  is  the  permanent  wooden  panel 
(a,  Fig.  2  and  3),  made  of  1  x  6-in.  or  1  x  8-inch  boards,  which  has  wooden 


FIG.   3. ISOMETRIC  VIEW   OF  FORM   LAYOXTT. 


laths  nailed  on  one  side  and  a  backing  or  form  (j))  for  giinite  or  concrete 
on  the  other  side.  During  construction  these  panels  were  held  in  place 
by  a  temporary  frame  which  is  made  of  wood,  and  consists  of  sills  (b), 
studs    (c),  plates    {d) ,  and  outside  boards    (e)    for  the  walls,  and  beam 
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bottoms  (/)  for  the  floors.  The  permanent  panels  are  placed  between  the 
studs  or  the  beam  bottoms,  leaving  a  space  for  steel   (r),  and  concrete. 

When  the  span  is  long,  an  extra  line  of  sills,  studs  and  plates  is 
necessary  to  prevent  excess  deflection  of  the  panels  under  the  weight  of 
the  green   concrete. 

The  method  of  erection  is  as  follows : 

The  floor  panels  are  first  placed  on  top  of  the  foundation  wall,  as 
shown  in  Fig.  2.     They  are  supported  at  the  other  end  by  the  forms  for 


Fig.  4. — beginning    oi    foundation    wall,    using    "universal"    hollow 

WALL  MOLDS. 
These  molds  were  used  up  to  the  first  floor. 


the  central  girder.  The  I  in.  board  (/)  which  forms  the  beam  bottom, 
is  supported  by  the  temporary  plates  (d) ,  and'  by  temporary  battens  nailed 
to  the  panels.  A  form  is  placed  around  the  exterior  of  the  building  for 
the  water  table  and  concrete  sill.  Reinforcing  is  put  in  the  beams  and 
sufficient  concrete  poured  to  fill  them.  The  slab  reinforcing  (s)  is  then 
put  in  place  and  the  slab  poured.  The  slab  may  be  of  ordinary  concrete 
or  nailing  concrete,  depending  upon  whether  the  finished  floor  is  to  be 
linoleum  or  wood. 

As  soon  as  this  concrete  has  sufficiently  set  to  walk  upon,  the  first 
story  is  started.'  First  the  temporary  sill  (6)  is  placed  around  the  edge  of 
the  building  on  the  line  of  the  interior  lathing.     The  studs    (c)   are  then 
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put  in  place;  the  cap  (d)  is  put  on  top  of  the  studs,  and  forms  the  line 
for  the  ceiling  laths.  This  temporary  frame  is  trued  and  braced.  Loops 
of  wire  {h)  are  attached  to  the  temporary  studs  as  shown  in  the  drawing. 
In  erecting  the  panels  it  is  best  to  start  at  the  corners  and  place 
the  two  corner  panels  in  position,  and  hold  them  with  two  outside  boards 
which  have  been  nailed  together  at  right  angles.  The  loops  of  wire  are 
passed  through  the  outside  boards  and  sticks  inserted  in  the  loops.  When 
the  sticks  are  twisted  the  outside  board  is  drawn  against  the  panels, 
making  a  tight  fit. 


Fig.  5. — first  story  panels  in  place  ready  for  concrete  in  the  st^ds. 

The  form  for  the  girt  at  the  second  floor  has  not  been  placed  all  around  the 
building. 


Proceeding  along  either  side,  the  outside  board  is  put  against  the 
other  side  of  the  corner  panel,  the  loops  of  wire  put  through  the  holes 
in  this  board,  and  the  sticks  (i)  inserted  in  the  loops.  The  next  panel  is 
then  slipped  in  between  the  temporary  stud  and  the  outside  board.  The 
sticks  are  then  twisted,  drawing  the  outside  board  tight  against  the  panel. 
The  process  is  continued  around  th^  building  until  all  the  panels  have 
been  put  in  place. 

Tlie  second  floor  panels  are  now  placed  in  the  same  manner  as  the 
first  floor  panels.  The  bottom  of  the  form  (;),  for  the  girt  around  the 
second  floor,  is  nailed  to  the  top  of  the  first  story  panels;  the  top  is  wired 
to  the  second  floor  panels   (fc). 
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Fig.  (i. — SECOND  floor  panels  in  place  and  a  part  of  concrete  chimney. 

The  wooden  buck  for  the  rough  fireplace  may  be  seen  just  back  of  the  flue 
linings. 


Fig.  7. — second  story  temporary  frame  and  corner  panels  in  place. 
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The  studs  (i)  are  now  ready  to  be  filled  with  concrete.  After  the 
concrete  in  the  studs  has  settled  sufficiently,  the  second  floor  is  poured 
in  the  same  manner  as  the  first  floor. 

Succeeding  stories  are  constructed  in  a  similar  manner. 

After  the  concrete  has  set,  the  sticks  are  removed  from  the  loops  of 
wire  and  the  outside  boards  pulled  off'.  The  inside  of  the  loops  of  wire 
are  cut  and  the  temporary  frame  removed.  The  reinforcing  mesh  for  the 
exterior  is  placed  in  position  and  the  loops  of  wire  bent  up  to  hold  this 
reinforcing  in  place.  When  the  gunite  (/)  is  applied  a  perfect  bond  is 
obtained  between  the  gunite  and  the  poured  concrete,  thus  increasing  the 
tie  between  the  reinforcing  and  the  concrete  frame. 


Fig.  8. — exterior  view,  showing  second-story  panel  partly  in  place. 


Before  plastering,  a  heavy  tarred  paper  (in)  is  put  in  the  recess  of  the 
studs  and'  strips  of  metal  lath   (n)   are  nailed  to  the  panels  on  either  side. 

In  constructing  the  Watertown  house  the  floor  and  wall  panels  were 
covered  with  waterproof  burlap.  This  material  worked  pretty  well  as 
a  support  for  the  2-in.  floor  slab.  There  is  some  sagging  between  the 
cross  pieces,  which  support  the  burlap,  but  this  sagging  increases  the 
effective  depth,  and  consequently  the  strength  of  the  slab.  Some  difficulty, 
of  course,  was  encountered  in  pouring  the  floor,  because  care  must  be 
exercised  by  the  workmen  in  order  to  avoid  stepping  upon  the  burlap 
between  the  supports.  However,  the  few  accidents  which  occurred  were 
easily  remedied  by  covering  the  holes  with  another  piece  of  burlap. 

The  photographs  give  an  idea  of  the  progress  of  the  construction  of 
this  house. 
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Costs  of  House. 
The  direct  cost,  not  including  overhead  or   other  indirect  charges,  o'f 
the  parts  of  this  house  which  are  unusual  was  as  follows : 

1.  Foundation  and  cellar  wall. 

56  cu.  yd.  @  $18.00. ,$1,007. .35 

2.  Floors,  not  including  wood  or  linoleum  top  floor. 

3762  sq.  ft.  @  0.498   1,874.93 

3.  Exterior  wall,  not  including  plastering. 

3177  sq.  ft.  @  0.585   1,858.98 


"Fig.  9. — building  with  poured  concrete  in  place  and  gunite  on 

one  side. 


4.  Roof,  including  plates,  rafters,  etc. 

16.42  squares  @  .$38.20   628.10 

5.  Chimney 245.95 

a.     Fireplaces   @   $42.25   ea 84.50 

6.  Interior  partitions,  without  plaster. 

2981  sq.  ft.  @  .195   581.35 

7.  Plastering. 

-    1318  sq.  yd  @  ..593 781.20 

8.  Wooden  Top  Floors. 

975  sq.  ft.  @  .204 199.00 

9.  Linoleum  Top  Floors. 

127  sq.  yd.  @  2.66    338.20 


DISCUSSION. 


Mr.  Allen.  LESLIE  H.  Allew. — May  I  ask  Mr.  Brown  what  means  he  has  of  insur- 

ing that  the  members  of  his  structural  frame  are  filled  with  concrete? 
He  does  not  remove  the  forms.  It  seems  to  me  they  are  such  narrow 
members  that  he  would  have  a  stud  that  Avas  not  complete.  Is  there  any 
precaution   taken  of   insuring  that  the  forms   are  filled? 

Mr.  Brown.  H.   W.    Brown. — The   outer   floors   and    inner   floors   both   come   up   so 

we  can  see  the  stud  the  entire  length;  it  is  only  the  sides  that  stay  in 
place.    The  panels  are  the  only  part  of  the  structure  that  stay  in  place. 

Mr.  Allen.  Mr.  Allen. — Does  not  that  also  apply  to  beam  bottoms? 

Mr.  Brown.  Me.  Brown. — No,  beam  bottoms  come  out,  too.    We  can  inspect  every 

part  of  the  poured  concrete. 

Mr.  Havlik.  R-  F.  Havlik. — What  do  you  do  with  the  floor  forms?    Do  you  remove 

them  or  do  they  remain  in  place?  If  they  remain  in  place,  how  is  that 
center  wood  joist  held   in  place? 


Mr.  Brown. 


Mr.  Havlik. 


Mr.  Brown. 


Mr.  Brown. — The  panel  stays  in  place.  It  is  made  of  three  pieces  or 
more  in  the  case  of  some  of  the  wall  forms,  with  a  board  across  either  end 
that  makes  the  frame  comparatively  rigid.   That  whole  thing  stays  in  place. 

Mr.  Havlik. — Does  the  center  joist  of  the  floor  remain  in  place? 

Mr.  Broavn. — Yes,  that  is  a  support  for  the  laths;  the  wood  plays  a 
triple  role;  first,  it  is  the  form  for  the  beam,  second  for  the  floor,  and 
third  a  support  for  the  plaster.    It  is  2  in.  lumber. 
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MONOLITHIC    CONCRETE    HOUSE    CONSTRUCTION    AT 
PHILLIPSBURG,   N.   J. 

By  Paul  R.  Smith.* 

In  1918,  wlien' the  Ingersoll  Rand  Co.,  of  Phillipsburg,  N.  J.,  wished 
to  construct  houses  for  employees,  little  thought  had  been  given  as  to  the 
kind  of  house  which  would  he  erected.  It  was  necessary,  first  to  build 
houses  rapidly,  economically,  to  make  them  attractive  and  comfortable 
and  suit  the  needs  of  the  various  classes  of  people  for  whom  the  houses 
were  intended. 

A  company  was  formed  as  a  subsidiary  company  to  the  Ingersoll-Rand 
Co.,  known  as  the  Phillipsburg  Development  Corporation.  This  .corpora- 
tion was  to  attend  to  all  the  details  of  buying  suitable  land,  buildin.;; 
roads,  sidewalks,  sewers,  etc.,  designing  houses,  and  erecting  the  same. 
Many  conferences  were  held  in  reference  to  the  best  type  of  house  con- 
struction for  employees,  many  of  whom  would  be  foreigners.  Two  years 
before,  the  Ingersoll-Rand  Co.  had  erected  some  one  hundred  frame  houses 
near  their  plant  in  Painted  Post,  N.  Y.  This  work  was  done  with  a  great 
degree  of  success  and  the  manager  at  Painted  Post  insisted  that  frame 
houses  were  the  best  type  for  the  use  to  which  the  Ingersoll-Rand  Co. 
wished  to  put  the  houses  at  at  Phillipsburg. 

At  this  time,  there  ajipeared  in  newspapers,  and  some  magazines, 
■photographs  and  descriptions  of  houses  which  were  built  at  Union,  N.  J., 
by  the  New  Jersey  Materials  Co.  using  wooden  forms  for  concrete  houses. 
These  forms  had  been  patented  and  manufactured  by  Charles  H.  Ingersoll 
of   Ingersoll   watch   fame. 

The  most  attractive  element  entering  into  hovises  of  this  character  at 
that  time,  was  the  cost  of  such  liouses.  After  visiting  the  work  done  at 
Union  and  comparing  the  cost  of  such  work  as  given  at  that  time  with 
frame  house  construction,  it  was  finally  decided  that  of  the  one  hundred 
houses  intended  to  be  erected  at  Phillipsburg,  seventy-five  of  these  would 
be  concrete  and  the  Ingersoll-forms  would  be  used.  One  of  the  reasons 
the  concrete  house  was  decided  upon,  was  because  of  the  fact  that  cement 
industries  were  close  by  and  we  would  be  able  to  build  the  houses  with  a 
large  proportion  of  the  cost,  a  common  labor  cost.  It  was  further 
decided  that  due  to  the  necessity  for  quick  results,  twenty-five  frame 
houses  should  be  built  immediately. 

Arrangements  were  made  with  a  "ready-cut"  house  concern  to  furnish 
materials  according  to  plans  and  specifications  drawn  by  the  corporation. 
Further  arrangements  were  made  with  Mr.  Ingersoll  to  ship  the  one  set 
of  forms  which  he  had  at  that  time,  to  Phillipsbiirg  so  that  the  erection 
of   the   concrete   houses   could   be   started   simultaneously   with   the   frame 
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FIG.     1,    2    AND    3. PROGRESS    IN    CONSTRXTCTTON    OF    4-ROOM    MONOLITHIC 

CONCRETE   HOUSES   AT   PHILLIPSBURG. 

(1)  Corner  jjosts  set  up  on  wedge  blocks;  (2)  Truss  joint  with  post;  (3) 
Brackets  on  whicli  trusses  hang ;  (4)  Outside  4x4  strings  to  align  form  sec- 
tions;  (5)  Framework  on  which  skip  was  raised  in  placing  concrete  in  earlier 
work;   ((>)   Window  I'raincs  in  place;   (7)   Forms  for  flower  liox  brackets. 
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houses.  Plans  were  prepared  for  a  larger  concrete  "house  than,  the  original 
Ingersoll  house — the  new  house  to  have  six  rooms  and  a  bathroom. 

The  parts  and  operation  of  the  form  systefn  used  is  outlined  as 
follows : 

The  Ingersoll  system  is  probably  the  nearest  approach  which  has  been 
made  to  the  theory  of  house  construction  advanced  about  ten  or  twelve 
years  ago  by  Thomas  A.  Edison.  The  outstanding  difference  is  the  fact 
that  in  the  Ingersoll  system  no  top  form  is  used  for  the  floors.  The  hydro- 
static pressure  of  the  concrete  in  the  walls,  the  pouring  being  continuous 
for  the  complete  structure,  is  disregarded.  Advantage  is  taken  of  the 
fact  that  concrete  of  a  proper  consistency  allowed  a  few  minutes  in  which 
to  congeal,  ceases  to  flow  even  under  considerable  pressure  later  applied. 
Pouring  is  first  done  on  one  side  of  the  house  till  the  concrete  flows  to 
proper  floor  leA'^el  and  then  pouring  is  done  on  the  other  side,  retvirning 
later  to  the  first  position. 

The  wood  forms  are  built  out  of  2  in.  stock  crossed  at  right  angles 
with  best  grade  %  in.  lumber,  creosoted  to  preserve  them  and  thoroughly 
painted.  They  are  oiled  before  use  and  cleaned  after  use  to  such  an  extent 
as  may  be  necessary  and  oiled  where  the  surface  requires  it.  The  excava- 
tion is  first  made:  2x4  in.  side  rails  are  staked  down;  footings  and  floor 
placed  in  one  piece.  From  this  basement  floor,  vertical  corner  posts 
6x6  in.,  are  first  set  up  on  wedge  blocks,  the  posts  extending  to  a  story 
height.  These  are  held  plumb  and  true  by  trusses  made  of  4  x  4's  and 
%  in.  bridging.  Adjustment  to  true  lines  is  virtually  automatic.  All 
parts  are  carefully  made  and  permit  no  variation  greater  than  iV  in. 
The  trusses  are  held  to  posts  by  iron  bands  made  on  each  part  and  driven 
rigidly  home  by  wedges.  The  form  members  proper,  inside  and  outside, 
are  supported  by  the  trusses  with  bolts  passing  through  from  outside  to 
inside  with  wooden  washers  for  spacers,  these  being  covered  at  each  end 
by  round  iron  washers  strung  on  over  the  wooden  washers  to  leave  the 
round  piece  of  wood  well  inside  the  wall  when  forms  are  removed.  Out- 
side forms  are  held  further  to  line  by  horizontal  4x4  in.  strings.  The 
floor  forms  inside  are  also  supported  by  the  trusses,  as  also  is  the  entire 
weight  of  the  false  structure  and  of  the  concrete  as  placed.  Trusses  carry 
the  load  to  the  6x6  in.  corner  posts,  ten  of  which  are.  used  in  each 
story.  The  outer  forms  support  brackets  for  staging,  from  which  the 
upper  forms  are  handled  in  erection  and  in  stripping.  The  cornice  and 
parapet  forms  are  held  by  braces  to  outer  forms,  each  piece  having  it* 
precise  location.  In  fact,  every  piece  used  has  its  .unit  number  and  a 
definite  place  in  the  erection  scheme.  Even  with  common  labor,  after  a 
few  operations,  it  has  been  possible  to  take  a  piece  down  from  one  house 
which  has  been  poured,  and  set  it  in  the  proper  position  on  the  nexi 
house  without  rehandling.  (At  Phillipsburg  a  runway  between  two  houses 
made  this  shifting  very  rapid.)  v/hen  a  certain  stage  of  erection  is 
reached  the  plumber  and  electrician  are  sent  for  and  the  conduits  which 
are  prefabricated  are  set  in  the  walls.     Reinforcing  rods  and  metal  flue 
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linings  are  then  placed  and  nailing  blocks  are  set.  Blocks  are  placed  ready 
to  hand  for  embedding  in  floors  wlien  th«y  are  screeded.  The  concrete 
used  is  one  part  cement,  two  parts  sand,  and  four  parts  cinders. 

In  the  erection  of  the  forms  the  entire  weight  of  the  structure,  both 
forms  and  concrete,  is  first  placed  on  the  corner  posts,  which  in  the  four 
room  house  are  ten  in  number.  Yet  these  corner  posts  are  first  to  come 
down  when  the  forms  are  stripped.  This  is  possible  in  view  of  the  fact 
that  the  bolts  passing  through  the  walls  and  trusses,  which  support  the 
forms,  serve  as  a  means  of  transferring  the  load  to  the  concrete.  As  soon 
as  a  house  is  from  24  to  48  hours  old  under  favorable  weather  conditions, 
the  wedges  are  driven  out,  the  corner  posts  are  removed  and  set  up  for 
the  next  house  in  the  operation.  Trusses  are  then  taken  down  and  if  the 
floor  requires  further  support  temporary  shoring  of  about  two  4  x  4's  in 
each  room  are  put  in.  The  trusses  are  then  removed  and  set  up  on  the 
corner  posts  for  the  next  operation.  The  form  parts  then  come  down  in 
pieces  as  needed  on  the  next  job.  The  floor  forms,  which  are  usually  the 
last  to  come  down,  are  the  last  to  be  required  to  be  set  up  on  the  next 
operation. 

Due  to  uncertain  labor  conditions  and  to  delayed  shipments,  the  forms 
for  the  six-room  concrete  house  did  not  reach  Phillipsburg  until  the  spring 
of  1919.  At  that  time,  the  twenty-five  frame  houses  started  in  November 
oi  the  previous  year,  were  practically  all  completed  and  many  of  the 
houses  had  been  rented,  while  only  ten  four-room  concrete  houses  were 
ready  for  occupancy. 

At  this  time,  it  looked  as  though  a  serious  mistake  had  been  made 
in  attempting  to  build  the  concrete  houses  at  all.  Possible  renters  would 
visit  the  ground,  look  at  the  concrete  houses,  be  perfectly  satisfied  with 
their  appearance  and  exclaim  that  the  houses  would  surely  be  damp  and 
cold  and  would  immediately  turn  their  attention  to  the  frame  houses. 
These  they  would  rent  until  the  houses  were  entirely  filled.  After  the 
frame  houses  were  all  occupied,  the  people  had  to  turn  to  the  concrete 
houses.  Although  the  four-room  concrete  house  was  very  small,  the  people 
living  in  them  were  so  perfectly  satisfied  and  so  surprised  to  learn  that 
they  were  not  only  free  from  dampness  but  were  extremely  easy  to  heat, 
that  many  living  in  the  frame  houses  wished  to  move  to  the  concrete 
houses. 

■  Then  it  was  decided  that  all  energies  must  be  bent  towaru  the  com- 
pletion of  the  concrete  house  program. 

During  the  erection  of  the  first  few  houses,  it  was  rather  difficult 
for  the  workmen  to  make  any  considerable  amount  of  speed.  This  was 
due  to  the  fact  that  the  labor  at  that  time  was  not  particularly  interested 
in  working  as  there  were  too  many  jobs  open  to  them.  The  laborers,  how- 
ever, soon  got  accustomed  to  handling  the  rather  heavy  wooden  forms  and 
under  proper  direction,  considered  the  work  as  an  interesting  problem  and 
from  that  time  on,  the  erection  of  forms  was  speeded  up.     New  ideas  were 
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suggested  by  some  of  the  laborei's  which  made  their  work  easier  and  per- 
mitted the  work  to  progress  more  rapidly. 

After  the  first  three  houses  were  erected  the  work  went  on  in  a 
regular  routine  way,  each  man  having  his  jjarticular  kind  of  work  to 
attend  to.  The  forms  were  sa  easily  assembled  that  we  were  soon  able  to 
erect  the  forms  complete  and  pour  the  concrete  in  a  period  of  four  work- 
ing days    (10  lirs.)    with  an  average  crew  of  twelve  men. 

After  the  cellar  was  excavated,  the  concrete  floor  was  laid  6  in. 
wider   than   the   total   length   and   breadth   of   the   building   to   be   erected 


FIG.   4. 


-FORMS    IN    PLACE    FOR    BASEMENT    AND    FIRST    STORY;     POSTS    AND 
TRUSSES    IN   PLACE    TO    SUPPORT    SECOND    STORY   FORMS. 


thereon.  Suitable  footings  were  placed  at  the  same  time  that  the  cellar 
floor  was  laid.  As  soon  as  the  concrete  cellar  floor  had  properly  hardened 
the  forms  for  the  house  were  erected  thereon.  As  the  erection  of  the 
forms  progressed,  the  window  frames  and  door  frames  were  set  in  place; 
reinforcing  rods  placed  and  tied  in  position^  soil  pipe  and  all  other  plumb- 
ing roughing  necessary  for  the  house  was  placed;  electric  light  conduits 
were  properly  located  and  tied  fast  to  the  forms;  the  flue  lining  for  the 
chimney  was  erected  and  the  forms  when  entirely  assembled,  were  then 
ready  for  the  concrete. 

The   concrete  was   poured   from  the   roof.     The   conveyor   was   erected 
at  the  side  of  the  building  which  carried  a  batch  of  concrete  every  minute 
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and  a  lialf  to  a  chute  and  hopper  on  the  roof  which  in  turn  shot  the  con- 
crete to  the  four  corners  of  the  house.  The  pouring  of  the  concrete  was 
continuous  from  the  time  the  operation  started  until  the  last  batch  was 
placed  on  the  roof.  It  was  thought  that  there  would  be  difficulty  in 
getting  the  concrete  to  flow  properly  around  window  frames  and  door 
frames  and  across  the  floors.  The  forms  are  so  arranged,  however,  that 
it  requires  little  attention  from  the  men  who  are  located  on  the  different 
floors  as  the  concrete  rises  to  keep  the  concrete  flowing  properly  to  its 
intended  location.  The  concrete  as  it  flows  does  not  leave  pockets  around 
the  window  frames  and  door  frames  and  due  to  the  constriietion  of  the 
floor  forms,  the  concrete  would  pass  over  the  floor  and  down  the  parti- 
tion forms  and  stop  after  it  had  reached  the  desired  level,  leaving  the 
concrete  floors  true  and  ready  to  receive  the  grounds  for  furring. 

It  must  be  understood  that  the  type  of  house  developed  is  monolithic- 
having  concrete  floors,  partitions  and  roof  and  that  the  whole  pouring 
operation  involved  only  ten  hours  with  twelve  to  fourteen  men.  The  con- 
crete was  carried  to  the  roof  under  power  supplied  by  a  gasoline  hoi.st 
and  the  mixer  used  was  a  one  batch  gasoline  "Dandy"  mixer.  The  day 
following  the  pouring  of  the  house,  the  work  of  taking  down  the  forms 
may  be  begun  if  the  weather  conditions  are  suitable.  During  extremely 
cold  weather  it  was  practical  for  us  to  have  heat  in  the  buildings  as  soon 
as  the  concrete  was  placed  and  this  heat  was  provided  by  salamanders 
placed  in  the  basement  and  the  first  and  second  stories.  We  carried  on 
the  work  during  the  winter  of  1918-19  and  1919-20  without  any  loss  of 
time  unless  it  were  due  to  storms.  None  of  the  concrete  was  frozen  and 
the  houses  built  during  the  winter  are  just  as  satisfactory  as  those  built 
during  the  summer. 

Most  of  the  concrete  used  was  cinder  concrete.  Stone  concrete  was 
used,  in  a  few  of  the  houses  and  several  houses  were  built  with  slag  con- 
crete. We  found,  however,  that  the  cinder  concrete  was  not  only  very 
practical  and  gave  a  sound  and  well  constructed  building  but  it  was  also 
very  much  more  economical  than  either  slag  or  stone.  We  found  after  a 
few  houses  had  been  poured  with  cinders  and  slag,  that  it  was  not  ad- 
visable to  use  either  cinder  or  slag  for  the  roof.  Stone  was  substitut'^d 
when  the  concrete  rose  to  the  cornice  so  that  the  roofs  were  finished  with 
a  stone  aggregate.  The  only  difficulty  encountered  in  using  cinders  was 
due  to  carelessness  on  the  workman's  part  in  permitting  lumps  of  cinders 
to  be  mixed  with  the  batch.  These  instances  were  few  and  caused  very 
little  difficulty.  One  of  the  most  noticeable  of  these  cinder  pockets  came 
in  the  partition  between  the  bedroom  and  the  bathroom  where  a  cinder 
lump  was  retained  on  the  plumbing  roughing  so  that  it  left  a  pocket  about 
2  ft.  square. 

As  soon  as  the  second  set  of  six-room  house  forms  arrived,  we  were 
able,  in  good  weather,  to  erect  the  shells  of  two  houses  per  week.  We 
had  two  gangs  of  men  and  were  working  both  the  six  room  forms  and 
the  four   room   house   forms.      From   the   experience  gained   with    the   use 
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of  the  forms,  we  do  not  believe  it  would  be  necessary  to  make  the  forma 
in  lighter  units  although  lighter  forms  would  undoubtedly  cut  the  erec- 
tion time  materially  and  the  labor  would  be  less  arduous.  We  had  little 
complaint  from  the  men  in  reference  to  the  weight  of  the  forms,  their 
most  repeated  complaint  being  the  haiulling  of  the  forms  during  frosty 
weather  in  the  early  morning. 

The  amount  of  reinforcing  that  was  used  originally  in  the  six-room 
concrete  house  was  cut  about  twenty  percent  as  the  development  went  on. 
We  found  that  this  lessened  amount  of  reinforcing  was  sufificient  for  all 
structural  purposes.  All  walls  are  reinforced  with  %  in.  and  1  in.  rods 
carried  vertically  and  all  floor  beams  are  reinforced  with  two  reinforcing 
rods  tied  into  the  exterior  walls  and  the  partitions  with  cross  reinforcing 
12  in.  apart.  The  cornice  brackets  and  cornice  itself  are  fully  reinforced 
and  tied  in  with  the  roof  reinforcing  and  wall  reinforcing. 

As  soon  as  the  walls  are  thoroughly  dried,  the  carpenters  furr  the 
exterior  walls  with  1x2  in.  furring  strips.  On  these  furring  strips 
Bishopric  board  is  nailed  to  receive  the  plaster.  The  partitions  are  plas- 
tered directly  on  the  concrete  as  is  the  ceiling  in  the  first  story.  The 
second  story  ceiling  is  hung  on  the  concrete  beams  supporting  the  roof 
and  lathed  and  plastered.  Wooden  floors  are  laid  on  furring  lath  which 
is  placed  on  the  concrete  floor  inasmuch  as  it  was  not  thought  advisable 
to  try  to  educate  the  people  to  concrete  floors  in  this  vicinity. 

In  speaking  of  the  education  of  people,  it  is  difficult  for  a  person 
carrying  on  construction  work  through  New  York,  New  England,  and  the 
Middle  West  and  Western  states  to  appreciate  the  type  of  people  whom 
we  have  had  to  contend  with  in  our  district.  They  were  opposed  to  any- 
thing new  and  distinctly  opposed  tg  anything  in  the  way  of  concrete  con- 
struction. This  opposition  to  concrete  construction  was  due  mainly  to 
many  houses  having  been  built  of  concrete  block  in  this  vicinity  in  which 
the  walls  were  left  unfurred.  The  houses  were  damp,  cold  and  unsatis- 
factory. They  imagined  therefore  that  the  concrete  houses  which  we 
built  would  be  exactly  the  same.  They  had  been  accustomed  to  large 
kitchens  and  large  rooms  generally  and  were  getting  houses  which  they 
were  satisfied  with  for  a  rental  of  ten  to  twelve  dollars  per  month.  To 
be  sure  these  houses  which  they  were  getting  so  cheaply  did  not  have 
modern  improvements  and  most  of  them  were  without  heat  except  that 
which  could  be  furnished  with  kitchen  or  parlor  ranges.  When  we  asked 
a  rental  of  .$19.00  for  the  six-room  concrete  house,  a  prospective  tenant 
thought  that  the  price  was  extremely  high.  They  did  not  consider  the 
improvements  which  they  had  nor  did  they  consider  the  fact  that 
the  ho\ise  was  detached  with  a  minimum  of  40  ft.  on  the  street  and 
100  ft.  in  depth.  It  has  taken  two  years  for  the  people  wlio  have  rented 
these  houses  to  come  to  believe  that  they  have  an  exceptionally  fine  house 
to  live  in.  The  complaints  concerning  the  house  are  nil.  The  upkeep  on 
the  houses  is  extremely  low,  we  having  spent  $20  per  house  only  for 
painting  the  sash  and  frames.     The  houses  are  all  supplied  with  pipeless 
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heaters,  electric  light  and  running  water.  The  pipeless  heater  keeps  the 
house  very  warm  and  the  amount  of  coal  burned  varies  with  the  differ- 
ent families.  We  have  had  reports  of  families  that  have  burned  as  low 
as  four  tons  during  the  winter,  which  was  extremely  severe. 

The  changes  made  during  the  time  in  which  we  btxilt  the  houses  were 
minor.  We  changed  the  locations  of  electric  light  outlets  which  added 
to  the  practicability  of  the  house.  Instead  of  using  black  iron  flue  linings 
for  the  chimney,  we  incorporated  concrete  flues  which  were  superior  to  the 
black  iron.  We  omitted  some  of  the  reinforcing  which  showed  a  slight 
saving  in  cost  with  no  harm  to  the  building.  The  hoist  used  to  guide  the 
concrete  conveyor  was  made  an  integral  part  of  the  forms  and  erected 
with  the  forms  whereas  formerly  we  had  an  unsatisfactory  and  unwieldy 
mast.  We  believe  that  it  would  be  practical  to  dump  the  concrete  in  the 
first  and  second  stories  instead  of  carrying  it  to  the  roof  and  will  use 
this  method  if  any  more  houses  of  this  character  are  built  in  the  future. 
Undoubtedly  the  forms  can  be  made  lighter  without  aff'eeting  their 
longevity  and  at  the  same  time  decreasing  the  labor  cost  of  erection. 
If  the  forms  were  made  single  ply  instead  of  double  or  triple,  the  original 
cost  would  be  lessened  and  the  royalty  on  their  use  would  undoubtedly 
be  reduced. 

The  house  itself  has  a  square  foot  area  of  20  ft.  x  24  ft.  6  in.  This 
includes  the  porch  which  is  7  x  12  ft.  The  kitchen,  living  room,  and  din- 
ing room  are  on  the  first  floor  and  although  small  are  very  attractive  and 
have  plenty  of  light  and  air.  The  second  story  contains  two  good  sized 
bedrooms  with  closets  and  a  smaller  bedroom  Avithout  a  closet  and  a  bath- 
room having  a  concrete  floor.  The  staircase  leading  from  the  first  to  the 
second  story  is  of  wood  but  a  concrete  staircase  is  made  at  the  same  time 
the  rest  of  the  house  is  poured,  leading  from  the  kitchen  to  the  basement 
and  to  the  side  entrance  door.  The  finish  of  all  the  houses  is  stucco  ap- 
plied with  a  brush.  The  color  of  the  stucco  varies  with  the  different  houses 
so  as  to  overcome  any  monotonous  effect  of  repeating  the  same  building 
over   and  over   again. 

The  costs  on  the  houses  (taken  during  1920  which  were  the  highest 
construction  costs  during  the  time  that  the  building  was  going  on)  are 
tabulated  herewith.  These  costs  do  not  include  overhead,  royalty  on  the 
forms  nor  the  cost  of  the  lot  which  is  placed  at  $70.00.  Both  our  labor 
and  material  costs  were  at  their  peak  during  this  period  and  we  had 
excessive  hauling  charges  as  will  be  noted  in  going  through  the  figures. 

We  are  sincere  advocates  of  the  concrete  house  and  are  particularly 
well  pleased  with  the  monolithic  type  which  we  have  used  even  though 
all  houses  are  exactly  alike  and  they  have  flat  roofs.  The  Ingersoll-Rand 
Co.  has  shown  its  satisfaction  by  stating  that  no  more  frame  houses  would 
be  built  by  them  on  the  development.  It  would  not  be  difficult  or  very 
expensive  to  construct  the  forms  for  these  monolithic  houses  in  such  a 
manner  that  different  elevations  could  be  pi^ocured  by  interchangeable  sec- 
tions of  form.     Although  we  do  not  admit  the  necessity  of  doing  this,  in 
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order  to  get  an  attractive  appearance  and  a  pleasing  groiip  of  hoiiseis,  there 
are  undoubtedly  many  who  would  favor  such  a  step. 

TABULATION  OF  COST  OF  MATERIAL  AND  LABOR  AT  PERIOD  OF  PEAK  PRICES 


Quantity. 


Hauling. 


Hrs.        Amt. 


Matt  rial. 


Hrs. 


Labor. 


Total. 


Bishopric  board .  .  . 

Chimney 

Clothes  post 

Electric 

Erection  (forms)  ,  . 

Excavation 

Floors 

Foundation  (cellar 
floor  and  footings) 

Furring  ^ 

Grading 

Heating 

Hoods 

Leaders 

Nails 

Paint,  inside 

Paint,  outside 


10  rolls . 


z  iron 

Contract  fixtures  and  hanf 
469  spreader  blocks 


I  ft.  B.M . 


1600  lin.  ft. 


Pipeless  base,  registers. 
Contract , 


Plaster. 


Plaster  board . 
Plumbing 


Painting  and 

chipping 

Porch 


Contract 

Contract. 

25  bags  lime , . 

32  bags  plaster 

114  bbl.  plaster  paris. 

IJi  yd.  sand 

445sq.  ft 

Bath  tub 

Bowl  and  tank 

Lavatory 


Pouring 

Reinforcing. . 

Sewer 

Sidewalk .  .  . . 
Stairs,  cellar . 

Stucco 


400  bags  cement. 

45  yd.  sand 

45  yd.  sand 

2000  lb 


Trim  inside. 


Water  line 

Waterproofing . 


Window  and 
door  frames. 


Wrecking. 


14  bags  stucco 

2  bags  cement 

.}i  bag  lime 

12  doors 

1  dresser 

Hardware 

5  cellar  sash,  18  pairs  sash 

1  stairway 

Base,  jambs,  casing 

Molding,  etc 

Material  in  plumbing. . .  . 

45  gals 

10  single 

4  mullion 

3  door 

5  cellar 


15 

7 


127 


.?0.85 


35 


7.30 
2,35 
4.15 


66.94 


9.96 


$1.20 
35.00 
9.00 
2.70 
66.66 
9.06 

56'41 

50.42 
4.64 


126.27 
26.55 
7.80 
2.78 
14.70 
6.21 


49 .  15 
17.00 
167.74 


3.62 

578.03 

78.75 
6.57 
7.33 
5.99 

26.45 

51.50 
27.00 
21.50 
86.73 
36.89 


99.85 
27  70 

108.92 


2 

WA 
2 

12 
612 

2161 
40 

55 
45 
931-2 
19,4 
3 


con. 
12 
con. 


180 


10 

18.V^2 


17 

14  V; 


301 


$1.40 

14.80 

1.20 

1.27 

7.25t 

358.72 

97.88 

24.90 

33.09 
27.00 
44.82 
14.09 
2.55 


26.00 
25.35 


90.00 

9.60 

50.20 


27.64 
15.60 


28.52 
3.44 
12.55 


90.00 


7.51 
7.25 


174.20 


$2.40 
50.65 
10.20 
3.97 
73.91 
367.78 
97.88 
83.41 

83.51 

31.64 

44.82 

141.71 

29.10 

7.80 

2.78 

40.70 

31.56 


146.45 

28.95 

222.09 


27.64 
19.22 

748.34 

78.75 
35.09 
10.77 
18.54 

76.45 


423 .43 


7.51 
34.95 


109.34 
174.20 


$95.42 


$1,820.12 


$1,350.20 


i,265.74 


*  Labor  for  placing  included  in  erection  of  forms, 
t  Rough. 

Note. — Included  in  the  above  arc  clothes  post,  gradinKi  sewer  and  sidewalks  amounting  to  $94.65,  which 
does  not  enter  in  cost  of  house.    This  price  does  not  include  overhead,  cost  of  lot,  nor  royalty  charge. 


CONCRETE  TILE  IN  HOUSE  CONSTRUCTION 
By  Bakton  E.  Brooke.* 

As  arcliitect  for  the  Yoimgstown  Sheet  &  Tube  Company  since  1917  I 
have  had  experience  with  two  distinct  types  of  concrete  houses,  the  unit 
system  and  the  concrete  tile  house. 

The  one  constructed  Under  the  so-called  unit  system  of  precast  con- 
crete slabs,  a  development  in  East  Youngstown,  Ohio,  comprising  281 
houses.  This  work  was  started  in  the  fall  of  1917  and  completed  in  the 
spring  of  1920.  It  received  wide  publicity  through  the  magazines  and  the 
contractors,  the  Unit  Construction  Co.,  of  St.  Louis,  I  do  not  intend  to 
go  into  detail  on  their  construction.  However,  it  might  be  of  interest  to 
know  that  these  houses  have  stood  the  test  in  every  way,  the  only  excep- 
tion being  the  appearance  of  condensation  on  the  concrete  walls  when  first 
occupied  after  vacancy  during  a  cold  period.  The  outside  walls  of  these 
hoiises  were  cast  with  an  exterior  face  of  finished  concrete,  and  with  1x2  in. 
creosoted  wood  furring  on  the  concrete  ribs  in  the  interior.  On  this  wood 
lath  and  plaster  were  applied.  Although  it  was  felt  necessary  to  use  this 
form  of  construction  on  the  outer  walls,  it  was  considered  safe  to  con- 
struct the  inside  partitions  of  hollow  concrete  units  with  finished  face  of 
concrete  both  sides.  These  walls  have  given  the  trouble.  Over  periods  as 
long  as  two  weeks  after  occupancy,  moisture  has  condensed  on  them,  while 
no  condensation  has  ever  occurred  on  the  outside  walls.  From  this  expe- 
rience and  others,  I  strongly  advise,  that  for  rental  houses  at  least,  where 
vacancy  is  bound  to  occur,  it  is  unsafe  to  use  exposed  concrete  slabs  or  to 
plaster  direct  on  any  type  of  masonry  walls.  In  every  other  respect,  how- 
ever, these  houses  are  highly  successful.  No  sign  of  depreciation  of  the 
structure  is  apparent  and  they  receive  the  hardest  kind  of  usage  from 
foreign-born  tenants. 

At  the  time  work  was  started  on  the  unit  concrete  houses  in  East 
Youngstown,  we  started  the  development  of  a  coal  mining  town  at  Nema-- 
colin.  Pa.,  for  the  Buckeye  Coal  Co.,  a  subsidiary  of  the  Youngstown  Sheet 
&  Tube  Co.,  in  which  the  houses  were  to  be  rented  at  maintenance  cost, 
depreciation  and  interest  being  charged  to  the  coal  mined.  They  were 
modern  in  every  respect,  of  five  and  six  rooms,  bath,  and  concreted  cellar, 
with  hot-air  furnace,  equal  to  the  houses  of  well  paid  workmen  in  the 
cities,  and  not  at  all  like  the  usual  miner's  house,  which  is  of  4  rooms, 
hardly  more  thaji  a  shack,  without  basement,  plumbing  or  heating,  other 
than  an  open  grate,  and  kitchen  stove,  and  which  rents  for  $5  or  $6  per 
month.  The  rental  of  our  houses  was  placed  at  $10  for  the  five-room  and 
.$12  for  the  6-room  type. 

As  rentals  of  this  amount  Avere  double  the  usual  rate,  and  houses  of 
this  type  were  new  to  the  miner,  many  experienced  coal   mine  operators 
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laughed  at  what  they  considered  the  folly  of  the  scheme.  They  predicted 
all  manner  of  misuse  of  the  conveniences,  and  failure  to  get  miners  to 
come  to  the  town  at  the  relatively  high  rent.  This,  however,  did  not  prove 
a  fact  in  eitlier  case.  On  the  contrary,  the  company  has  never  been  with- 
out a  large  waiting  list  for  houses  from  miners  who  wanted  to  work  and 
live  in  the  town,  even  during  the  war  days,  when  every  one  was  short  of 
labor.  Men  came  with  their  families  and  lived  in  camps  for  months,  wait- 
ing their  turn  to  get  a  house,  as  they  were  completed.  With  very  few 
exceptions,  plumbing  and  heating  fixtures  have  been  well  cared  for  and 
greatly  apjireciated.  This  condition  enables  the  employers  to  carefully 
pick  their  men,  and  today  they  feel  that  there  is  not  a  better  manned 
mine  in  the  country.  The  tonnage  produced  per  man  is  far  greater  than 
in  a.ny  other  mine  in  the  district,  and  the  labor  turnover  and  lost  time 
is  almost  negligible.  Through  one  strike  in  the  district,  and  several  de- 
creases in  wages,  they  have  not  had  the  least  trouble,  working  continuously 
every  day.  I  mention  these  facts,  to  emphasize  that  it  is  a  paying  invest- 
ment to  build  modern  houses,  no  matter  what  class  of  people  are  to  occupy 
them,  or  to  what  they  have  formerly  been  accustomed. 

Due  to  early  transportation  difficulties,  these  houses  were  planned  with 
frame  superstructure  and  monolothic  concrete  basement  walls.  Tonnage 
hauled  to  the  town  site  was  the  most  important  factor  of  cost,  as  it  had 
to  be  ferried  across  the  river  from  the  railroad  and  up  a  steep  incline  to 
the  top  of  a  hill  at  an  elevation  of  400  ft.  above  the  river  bed.  Soon  after 
starting  work  it  was  discovered  that  the  average  5-room  house  as  planned, 
would  cost  something  over  .$8,000,  and  every  effort  was  made  to  reduce 
that  expense.  The  design  of  the  house  was  simplified  and  the  foundation 
walls  changed  to  terra-cotta  tile.  These  changes  helped  considerably  but 
the  tile  foundations  were  homely,  and  by  no  means  waterproof. 

From  the  start  I  had  been  searching  for  some  form  of  construction 
for  the  houses  which  would  be  economical  under  existing  conditions,  and 
at  the  same  time  give  us  strength,  appearance,  waterproof  foundation  and 
fireproof  superstructure  walls.  Nothing  was  found  until,  while  attending 
the  National  Conference  on  Concrete  Housing  in  Chicago  two  years  ago, 
I  learned  of  the  hollow  concrete  tile,  which  I  felt  would  solve  our  problem. 
I  therefore  returned  to  Youngstown  and  designed  houses  for  the  use  of 
tile  in  our  future  operations.  This  was  not  a  difficult  thing  to  do,  as  the 
units  we  intended  to  use  could  be  made  to  fit  any  condition,  and  all  that 
was  necessary  was  to  retrace  the  already  accepted  design  for  frame  houses, 
simply  increasing  the  thickness  of  the  walls  and  changing  the  dimensions 
accordingly.  After  prevailing  upon  the  company  to  purchase  machines, 
and  erect  a  plant  to  manufacture  the  tile,  we  selected  our  site,  which  was 
not  an  advantageous  one,  but  the  only  available  space  in  our  railroad 
yard  layout. 

Erection  of  tlie  plant  started  in  April.  Our  engineers  had  worked  out 
an  cx<  client  arrangement  of  the  machinery,  in  a  tall  frame  structure  at 
the   top   of   M'hicli   large  bins   were   conslructod    for   sand    and   cement   with 
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batch  measuring  device  at  the  hopper,  which  dumped  directly  into  the 
mixer.  The  mixer  in  turn  dumped  directly  into  a  hopper  which  connected 
through  a  chute  to  the  tile  machinery.  The  bins  were  supplied  with  sand 
and  cement  by  bucket  conveyors  which  together  with  mixer  and  tile 
machine  were  driven  by  electric  motors.  This  arrangement  was  all  that 
could  be  hoped  for,  but  because  of  the  fact  that  the  plant  site  was  on  the 
uphill  side  of  the  railroad,  it  was  necessary  to  erect  a  derrick  with  clam- 
shell to  unload  cars  of  sand  and  place  it  at  the  foot  of  conveyors.  Had 
it  been  possible  to  unload  cars  by  gravity,  this  expense  would  have  been 
eliminated.  As  it  was  necessary  to  have  steam  to  cure  the  tile  a  line  was 
run  from  the  mine  power  plant  and  used  to  operate  the  derrick  through 
a  steam  engine.  Five  kilns  about  9  ft.  wide  and  50  ft.  long  were  built 
adjacent  to  the  plant,  with  walls  constructed  of  the  first  tile  produced  and 
reinforced-concrete  roof.  Steam  was  piped  to  water  sumps  in  each  kiln. 
In  these  the  newly  made  tile  were  placed  and  when  full  they  were  sealed 
so  that  the  enclosed  air  was  completely  saturated  when  the  steam  was 
l^irned  on.  Under  these  conditions,  the  tile  were  left  for  24  hours  before 
being  placed  in  the  yard  to  dry. 

An  average  of  2400  tile  were  produced  on  each  shift,  under  favorable 
conditions,  from  one  machine  with  nine  men.  With  a  four  machine  plant, 
it  is  possible  under  favorable  conditions  to  produce,  wdth  an  average  of 
five  men,  the  same  number  of  tile  from  each  machine. 

We  were  in  operation  by  June  1,  but  at  first  our  production  was  slow, 
due  to  inexperience  of  the  men.  However,  the  product  was  excellent,  and 
gradually  the  cost  was  reduced,  until  the  tile  were  being  manufactured 
at  about  the  same  price  at  which  terra  cotta  of  the  same  size  could  be 
purchased. 

The  tile  were  made  with  small  corrugations  on  the  outside  face  to 
receive  stucco,  and  smooth  on  the  inside.  We  had  already  discovered  the 
bad  results  of  plastering  directly  on  masonry  walls,  and  intended  to  use 
furring,  wood  lath  and  plaster  on  the  interior. 

By  July  I,  we  had  a  sufficient  number  of  tile  made  and  cured  to  start 
construction,  only  to  find  difficulty  in  getting  masons,  even  at  $1.50  per 
hour  and  board.  Mason  contractors  submitted  prohibitive  prices  to  lay 
the  tile,  due  to  their  lack  of  knowledge  of  them,  we  were  forced  to  abandon 
our  ideas  of  fireproof  structures,  returning  to  the  frame  with  foundations, 
and  cellar  walls  of  concrete  tile.  A  total  of  60  two-family  houses  of  this 
type  were  completed  during  1920  and  1921,  together  with  an  amusement 
building. 

This  building  is  the  only  one  to  date  built  entirely  of  concrete  tile. 
The  basement  walls  were  constructed  of  12  in.  concrete  tile,  faced  with 
4  in.  of  brick  and  the  superstructure  of  12  in.  tile  and  stucco.  The  labor 
costs  on  12  in.  tile  walls  was  15c  per  cu.  ft.,  with  masons  at  $1.50  per 
hour,  and  labor  at  80c,  and  stucco  was  applied  in  two  light  coats,  giving 
perfect  results,  at  a  cost  of  50c  per  yd.,  as  against  $2  per  yd.,  the  price  at 
the  time  for   stucco  on  terra  cotta  tile.     These  are  remarkablv  low  costs 
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for  the  time,  and  at  least  so  far  as  the  mason  labor  is  concerned,  should 
be  cut  in  half  today.  I  do  not  believe  there  is  a  building  unit  made,  which 
can  be  handled  and  laid  in  a  wall  at  lower  cost  than  these  tile,  and  I  am 
sure  that  there  is  no  base  for  portland  cement  stucco  that  comjjares  with 
it  in  any  way.  The  wall  and  the  stucco,  being  of  the  same  material,  all 
difference  in  expansion  and  contraction  wliich  generally  causes  cracks  in 
stucco,  is  eliminated,  and  the  wall  is  so  straight  and  plumb,  that  two 
light  coats  of  stucco  give  perfect  results,  without  the  usual  screeding  and 
darbying  required  on  more  uneven  surfaces.  Hence  a  saving  of  both  labor 
and  material  is  made. 

The  house  foundations  were  equally  successful.  They  were  covered 
v\'ith  stucco  and  waterproofed  below  grade  with  perfect  results.  Tlie  walls 
were  8  in.  in  thickness  and  laid  at  a  labor  cost  of  10c  per  sq.  ft.  of  wall 
surface,  and  plastered  at  50c  per  sq.  yd.  as  was  the  theater.  The  com- 
pleted foundation  was  amply  strong  for  a  two-story  house,  and  constructed 
at  one-half  the  cost  of  monolothic  concrete,  as  well  as  giving  a  better 
appearance. 

At  the  close  of  our  operations  last  fall,  we  had  manufactured  a  total 
of  approximately  300,000  5x8x1 2-in.  tile,  and  completed  in  all  275  homes, 
or  about  one-half  of  the  ultimate  town.  I  hope,  for  the  next  group,  labor 
conditions  will  be  such  that  we  will '  be  able  to  build  all  concrete  tile 
houses,  and  continue  to  build  them,  for  the  balance  of  the  town.  The 
advantage  of  such  a  house  is  obvious  in  its  comparative  safety  from  fire, 
permanency  and  low  maintenance  expense.  I  believe  that  under  favorable 
conditions  of  manufacture  and  labor  it  will  not  exceed  a  frame  house  in 
cost. 


THE  POSSIBILITIES  AND  LIMITATIONS  OF  PRESENT  AND 
FUTURE  MARKETS  FOR  CONCRETE  BUILDING  UNITS 

By  W.  D.  M.  Allan.* 

Tlie  United  States,  on  an  average,  produces  about  seventy  billion 
dollars  worth  of  commodities  of  all  kinds  annually.  Neglecting  the  deep 
inroads  made  into  the  natural  stone  industry  in  many  sections  by  con- 
crete dimension  stone  and  further  neglecting  the  hundreds  of  millions  of 
concrete  brick  which  are  more  than  competing  with  clay  both  in  the  face 
and  common  brick  field,  and  still  further  neglecting  the  rapid  and  satis- 
factory increase  in  the  concrete  lightweight  building  tile  business  and 
considering  only  the  8x8x1  G  in.  concrete  block  which  is  by  no  means'  the 
most  economical  and  satisfactory  precast  concrete  unit,  we  find  that  out 
of  every  $2000  worth  of  commodities  produced  one  dollar  is  represented 
by  concrete  block. 

The  industry  deserves  recognition.  It  is  rapidly  shaping  itself  into  a 
formidable  competitor  in  the  permanent  building  material  field. 

Conservative  estimates  indicate  that  there  are  6000  concrete  products 
plants  in  the  LTnited  States  making  concrete  block.  The  annual  output 
of  these  plants  is  well  over  175,000,000.  That  175,000,000  is  a  very  con- 
servative estimate,  considering  that  the  average  output  of  the  6000  plants 
would  have  to  be  only  a  little  more  than  29,000  block  annuallj'.  This  is 
capacity  of  one  hand  tamp  block  machine  operating  eight  months  in  the 
year. 

The  Portland  Cement  Association  has  been  collecting  data  on  the 
output  of  concrete  block  plants  all  over  the  country,  and  even  though  it 
is  difficult  to  reach  a  large  percentage  of  the  plants  yet  it  has  been 
possible  to  show  that  many  more  block  are-used  than  was  at  first  estimated. 

I  shall  run  the  risk  of  being  boresome  by  introducing  a  few  figures; 
however,  the  figures  presented  will  tend  to  show  that  the  industry  has 
made  a  healthy  beginning.  There  are  a  number  of  products  plants  with 
annual  outputs  between  500,000  and  1,000,000  block  per  year  and  no 
small  percentage  of  the  total  number  o/ plants  produce  more  than  100,000. 
E.  Feliebaum,  of  Toledo,  this  year,  sold  between  800,000  and  1,000,000; 
Cunard-Lang,  of  Columbus,  Ohio,  500,000;  Omaha  Cast  Stone,  600,000; 
Ideal  Cast  Stone,  Omaha,  750,000,  in  spite  of  the  fact  that  the  past  year 
cannot  be  considered  up  to  standard.  Three-fourths  of  the  plants  here  m 
Cleveland  have  output  over  100,000  block,  several  producing  250,000 
in  normal  times. 

Figures  collected  during  the  last  few  weeks  show  a  very  satisfactory 
consumption  of  block. 


♦Portlaucl   Cemeut  Association,   Chicago,   111. 
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During  the  Past  Year 

Cleveland    j  4,000,000 

Toledo     2,800,000 

Columbus    2,400,000 

Pittsburgh    2,200,000 

Detroit    3,000,000 

Davenport,  Moline  and  Rock  Island    2,220,000 

Omaha    1,500,000 

Providence    1,100,000 

Minneapolis 3,000,000 

Milwaukee    1,500,000 

Calumet  District,  including  Gary,  Hammond 

and   South   Chicago 3,000,000 

The  markets  named  above  in  general  are  the  leaders.  However,  there 
are  a  large  number  of  other  cities  which  compete  closely,  for  example : 

Springfield,  Mass. 
Miami,  Fla. 
New  Kensington,  Pa. 
Buffalo,  N-.  Y. 
New  York  City 
Camden,  N.  J. 

From  every  source  of  information  available  we  have  found,  and  con- 
crete products  manufacturers  agree,  that  about  90  per  cent  of  all  block 
go  into  foundations,  the  remaining  10  per  cent  go  into  garages,  indus- 
trial buildings  and  residences  above  the  foundation  line.  By  far  the 
smallest  part  of  the  output  is  consumed  in  residence  walls  above  the  first 
fioor.  In  many  cities  80  to  90  per  cent  of  the  residences  built  during  the 
past  ten  years  have  block  foundations.  When  people  think  of  foundations 
they  think  of  block.  It  has  not  required  a  selling  organization  or  an 
advertising  campaign  to  dispose  of  block  for  this  use  and  with  a  few 
striking  exceptions  the  block  industry  has  been  content  with  this  class 
of  work.  The  public  has  drifted  into  the  belief  that  block  are  suited  only 
for  foundations.  It  is  not  uncommon  to  find  block  men  ready  to  defend 
tlie  stand  that  block  are  not  suitable  for  residence  construction.  This  is 
the  course  of  least  resistance,  because  it  is  not  difficult  to  find  architects, 
building  departments  and   contractors  who  concur   in   this  belief. 

As  long  as  tlie  market  for  block  is  residence  foundation  work  then 
the  industry's  grasp  is  practically  the  same  as  its  reach  for  foundation 
work  is  assured.  There  are  but  few  cities  wliere  ))lock  are  not  permitted 
for  use  in  foundations  and  where  some  ediu'ational  work  must  be  done 
lo  change  tlio  attitude  of  biiikling departments.  Even  this  increase  will 
not  nialerialh'   atl'ccl    llie   business. 
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A  brief  study  of  the  differences  between  the  very  successful  plants 
operating  under  advershe  conditions  and  the  back  yard,  more  or  less 
unsuccessful  ones  operating  under  favorable  conditions  will  develop  the 
characteristic  limitations   of  the   business. 

In  spite  of  unfair  competition  within  the  industry  and  keen  com- 
petition from  the  outside,  the  eminently  successful  plants  have  main- 
tained a  standard  of  quality  which  has  built  confidence  and  have  used 
better  merchandising  methods.  Block  were  sold  on  their  merit;  con- 
tractors were  educated  to  see  how  they  could  make  more  money  and  get 
ijetter  results  from  block  than  from  competing  materials.  In  brief,  their 
success  was  due  to  quality  products  efficiently  merchandised. 

Contrast  this  class  with  the  one  that  cheated  on  quality  and  that 
bragged  that  it  didn't  have  to  sell  its  block  because  people  came  to  his 
yard  and  got  them  as  fast  as  they  were  made,  that  never  increased  its 
output;  who  met  all  competition  with  a  cut  in  price  and  with  a  cor- 
responding cut  in  quality;  that  rarely  stayed  in  business  more  than  two 
years.  Thus  it  is  that  the  "Crime  of  the  '90's"  became  the  "Crime  of  the 
1920's."    Thus  it  is  that  the  building  public  condemns  concrete  block. 

Inferior  quality  and  poor  business  methods  have  done  more  to  injure 
the  business  than  all  outside  competition.  The  chief  limitations  of  the 
business  today  are  inferior  quality,  poor  appearance,  poor  business  meth- 
ods and  lack  of  confidence  on  the  part  of  manufacturers  themselves. 

In  99  per  cent  of  the  markets  in  the  United  States,  concrete  block 
can  successfully  compete  with  other  fire  resisting  and  many  combustible 
types  of  construction. 

It  is  paradoxical  that  many  of  the  best  and  most  successful  concrete 
block  manufacturers  are  located  in  markets  where  the  price  of  clay  tile 
or  brick  is  lowest..  The  following  prices  are  taken  from  the  "Brick  and 
Clay  Record"  for  Dee.   13,    1921: 

City  '  Brick         Building  Tile  5x8x12 

Rochester,  N.  Y $10. .50  per  M  

Cleveland,  Ohio    14.00     "  M  $50.00     "     M 

Columbus,  Ohio   ,  .  .  16.50     "  M  

Toledo,    Ohio    15.00     "  M  70.00     "     M 

,   Indianapolis,  Ind 10.50     "  M  67.50     "     M 

Milwaukee,   Wis 15.00     "  M  ■  60.00     "     M 

Peoria,  Wis 14.50     "  M  49.00     "     M 

The  prices  of  clay  brick  and  clay  structural  tile  in  this  list  of  cities 
are  considerably  below  the  average.  Nevertheless  we  have  very  success- 
ful plants  in  each  of  these  markets. 

Again  it  is  paradoxical  that  where  concrete  aggregates  and  labor 
are  cheapest  it  usually  holds  true  that  the  block  are  most  inferior.  Two 
very  striking  examples  come  to  mind. 

First— Long    Island,    where    one    can    find    suitable    aggregates    any- 
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wliere,  concrete  block  plants  are  so  thick  that  no  reasonably  accurate 
record  of  them  has  ever  been  made.  With  very  few  exceptions,  the  quality 
of  concrete  block  manufactured  on  Long  Island  outside  of-  Brooklyn  is 
very  poor. 

The  second  example  Is  the  State  of  Oklahoma.  Suitable  aggregates 
can  be  found  anywhere  and  block  plants  are  very  numerous.  Tulsa,  a 
city  of  80,000  inhabitants,  lias  19  plants  all  making  block  by  hand.  The 
Building  Inspector  of  Oklahoma  City  recently  stated  that  he  did  not 
know  how  many  plants  were  in  operation  in  his  city.  Norman,  a  small 
town  of  5,000  people,  had  5  plants.  To  give  some  idea  of  the  general  quality 
of  the  block  made  in  Oklahoma,  the  following  tests  are  given  which  were 
made  a  few  days  ago  at  one  of  our  Home  Builders'  Conferences  at 
Oklahoma  State  University. 

A.  Concrete   block    248  lb.  per  sq.  in.  of  gross  area 

B.  "  "         275  lb. 

C.  ,  "  "         340  lb. 

D.  "  "         250  lb. 

E.  "        brick     800  lb. 

F.  Clay  "         G250  lb. 

G.  Benedict  cast   stone.  ...  4175  lb.  did  not  crush 

It  is  a  matter  of  common  knowledge  "that  concrete  block  failed  to 
stand  up  in  the  lire  in  connection  with  the  recent  riot  in  Tulsa  and  this 
is  largely  due  to  poor  aggregates,  obsolete  manufacturing  methods  and 
lack  of  enforced  standards  of  quality. 

If  it  were  not  for  two  very  important  changes  that  are  coming  about 
there  would  be  less  reason  to  be  sanguine  over  the  future  of  the  business. 
First,  more  building  codes  are  under  revision  at  the  present  time  than 
at  any  time  in  the  past.  In  the  state  of  Ohio  alone  about  12  codes  are 
being  brought  up  to  date  with  regard  to  concrete  -  block.  Probably  there 
are  more  than  100  codes  in  the  United  States  that  are  being  revised  at 
the  present  time.  Building  commissioners  are  usually  glad  to  make  their 
codes  conform  with  the  American  Concrete  Institute  specifications  gov- 
erning concrete  building  units.  With  the  exception  of  a  few  places  where 
the  A.  C.  I.  specifications  are  not  up  to  standard,  the  newly  revised  codes 
very  closely  follow  the  recommendations  of  the  Institute.  For  this  reason 
there  is  a  very  urgent  need  for  the  American  Concrete  Institute  to  pre- 
pare, and  thoroughly  revise  forward-looking  specifications  covering  con- 
crete block.  By  block  is  meant  all  precast  unreinforced  concrete  building 
units.  The  American  Concrete  Institute  specifications  always  should  be 
kept  one  pace  in  advance  of  the  time  because  as  a  general  thing  building 
codes  are  not  revised  frequently  and  their  provisions  are  likely  to  become 
obsolete  unless  they  are  right  up  to  the  rninute  when  the  code  is  adopted. 
Many  building  commissioners  hold  to  the  theory  that  unless  the  code 
specitically    permits    a   material    under    specific    regulations    that    material 
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is  barred.  However,  the  newer  codes  show  a  decided  step  in  advance  in 
that  they  permit  any  material  or  type  of  construction  not  specifically 
provided  for  in  the  code  to  be  used  as  soon  as  the  Building  Department 
is  satisfied  that  the  material  is  structurally  sound  and  meets  the  sanitary 
requirements  of  the  city.  In  other  words,  the  older  idea  is  that  a  code 
once  written  is  complete  and  is  closed  to  anything  not  included  in  it; 
while  the  newer  idea  is  that  a  code  is  never  complete  or  closed  and  that 
as  soon  as  a  new  material  proves  its  worth  to  the  satisfaction  of  the 
Building  Department  it  shall  be  permitted.  Again,  that  the  code  is  to 
encourage  satisfactory  construction  and  not   to  hamper  progress. 

Not  only  is  there  encouragement  from  the  city  building  code  situa- 
tion but  from  state  and  possibly  national  codes  as  well.  Ohio  and  Wis- 
consin have  state  codes  at  present.  West  Virginia  and  Oklahoma  and 
other  states  are  considering  the  advisability  of  state  building  regulations. 
A  state  code  is  necessary  for  far  more  than  half  the  building  materials 
used  in  the  country  are  used  outside  of  cities  large  enough  to  have  build- 
ing  codes   with   enforcement   officers. 

The  Hoover  committee  which  is  at  work  on  a  standardized  national 
code  should  do  a  great  deal  to  eliminate  wide  difi^erences  at  present  exist- 
ing in  building  regulations.  We  recently  had  a  communication  from  this 
Committee  stating  that  it  did  not  have  information  enough  available  to 
warrant  allowing  concrete  block  for  foundation  construction.  It  was  neces- 
sai'y  for  us  to  send  out  an  S.  0.  S.  to  the  leading  block  men  urging  them 
to  tell  us  how  many  block  foundations  were  in  use  in  their  .cities.  Out 
of  45  cities  that  replied  the  returns  showed  that  nearly  128,000  resi- 
dences had  block  foundations.  Brooklyn,  the  only  large  city  to  make  a 
return  so  far,  showed  that  50,000  buildings  in  the  borough  had  block 
foundations. 

Building  codes  which  are  strict  and  provided  with  teeth  for  enforce- 
ment which  conform  with  the  specifications  of  the  American  Concrete 
Institute  hold  out  a  positive  method  for  the  standardizing  of  quality  of 
concrete  block.  With  quality  standardized  one  of  the  chief  prejudices 
will  be  removed. 

The  second  important  change  that  is  coming  about  is  that  a  higher 
type  of  business  man  is  being  developed  within  the  business  itself  and 
the  new  men  starting  into  the  business  are  of  a  higher  type. 

On  every  side  one  could  see  during  the  past  year  better  business 
methods.  Products  manufacturers  formed  associations  and  actually  put 
on  co-operative  advertising  campaigns  to  educate  the  public  to  demand 
quality  products.  Block  were  trade  marked  and  tests  were  made  in  reliable 
testing  laboratories  to  see  if  the  block  met  the  requirements  of  the 
American  Concrete  Institute. 
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The  products  plant  of  tlie  past  consisted  of  a  block  nmchine,  a 
mixing  board  and  a  few  pallets,  while  today  there  are  many  plants  with 
$75,000  to  $100,000  invested,  with  automatic  machinery  and  conveying 
equipment  and  every  mechanical  device  to  reduce  labor  "costs. 

Along  with  rapid  developments  in  machinery  and  plant  equipment 
there  has  been  a  decided  change  in  the  size  and  weight  of  units.  The  time 
was  when  nearly  all  concrete  block  were  about  8x8x32  in.,  weighing  approx- 
imately 120  lb.,  with  thick  webs  and  small  air  spaces.  From  this  large, 
unwieldy  block  with  small  air  spaces,  there  has  been  a  constant  reduction 
in  size  and  weight  until  today  probably  the  most  efficient  unit  is  the  light- 
weight building  tile  which  weighs  approximately  20  lb.  It  is  5x8x12  in. 
for  an  8-  or  12-in.  wall  and  replaces  approximately  five  bricks.  The  webs 
are  thin,  and  the  air  spaces  large.  The  lightweight  tile  bids  fair  to  become 
a  widely  used  unit  because  it  is  saving  in  material  and  is  very  easily 
laid.  Owing  to  the  hand  hold  in  the  top  and  to  its  light  weight,  a  mason 
can  lay  it  without  dropping  his  trowel.  It  is  a  one-handed  unit  and  beds 
easily  in  the  mortar.  A  mason  can  lay  much  more  wall  per  day  with 
the  lightweight  tile  than  with   any  other  unit. 

One  of  the  chief  obstacles  in  the  way  of  the  more  extensive  use  of  the 
8x8x16  in.  concrete  block  is  the  apathy  of  masons  towards  the  heavy 
unit.    The  lightweight  tile  removes  this  disadvantage. 

A  few  minutes  ago  we  pointed  out  that  concrete  block  were  used 
almost  exclusively  for  foundation  construction  and  further  that  as  long 
as  the  block  were  used  for  foundations  alone,  the  market  must  remain 
limited  to  a  small  part  of  what  is  in  reality  a  tremendous  potential 
market,   namely  residence  construction. 

The  lightweight  tile  opens  the  residence  field  because  it  is  more 
economical  than  blo'ck  and  will  compete  with  standard  frame  construc- 
tion at  an  initial  cost  about  3%  more  than  frame.  The  lightweight 
tile  gets  us  entirely  away  from  the  rock  face  which  caused  all  reputable 
architects  and  discriminating  abortion  builders  to  line  up  with  the  oppo- 
sition.   In  residence  work  it  will  be  nearly  always  necessary  to  use  stucco. 

Specifications  governing  concrete  building  units  should  take  special 
cognizance  of  the  lightweight  tile,  requiring  that  the  quality  of  concrete 
in  the  tile  be  kept  up  to  the  same  high  standard  for  which  the  Institute 
stands,  but  not  requiring  a  gross  area  test  out  of  all  proportion  to  the 
load  which  the  tile  will  be  required  to  stand. 

As  plants  become  larger  and  more  complex  and  it  is  more  difficult 
to  start  in  business,  the  chances  for  the  back-yard  playts  become  poor. 
It  is  true  that  a  large  part  of  the  successful  plants  in  operation  today 
started  with  hand  tamp  outfits,  but  conditions  have  changed  so  much 
that  very  few  successful  plants  will  start  in  that  way  again.    While  the 
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demand  for  block  and  tile  will  increase  rapidly  relatively  fewer  plants 
with  larger  outfits  will  be  the  rule.  Instead  of  19  plants  in  Tulsa  all 
making  a  poor  quality  of  blocks,  and  all  competing  for  the  cheaper  class 
of  trade  on  a  price  basis  alone,  there  will  be  two  or  three  plants  all  of 
them  turning  out  products  of  standard  quality  competing  for  the  best 
class  of  trade  on  a  service  basis.  The  time  draws  near  when  the  per 
capita  consumption  of  concrete  block  will  increase  from  five  to  ten  times. 


REINFORCED-CONCRETE   FIREPROOF   CONSTRUCTION  APPLIED 
TO  HOME  BUILDING. 

By  p.  J.  HUEBER.* 

To  be  specific  in  discussing  reinforced-concrete  construction  applied  to 
home  building,  to  bring  out  its  architectural,  engineering  and  commercial 
possibilities  for  any  type  of  home,  the  same  as  for  our  larger  buildings, 
let  us  begin  by  dividing  building  into  three  types,  namely : 

Type  1.  Wood,  which  is  costly  to  keep  up,  and  easy  to  burn  down.  Any 
builder  can  erect  a  wood-frame  dwelling,  with  the  result  that  com- 
petition is  keen  in  this  type. 

Type  2.  Masonry  walls  with  wood  interiors,  which  saves  on  upkeep  expense, 
but  as  96%  of  the  home  fires  originate  from  within,  according  to  a 
New  York  City  report,  this  type  offers  very  little  fire  protection  and 
here  concrete  competes  with  brick,  tile,  or  natural  stone. 

Type  3.  Masonry  walls  and  masonry  interiors.  We  are  interested  in  con- 
crete masonry  which  requires  a  minimum  upkeep  expense  and  offers 
a  maximum  fire  protection.  It  is  recognized  as  the  best  for  hotels, 
school  houses,  office  buildings,  country  homes,  etc.  It  is  in  a  class 
by  itself.     It  has  absolutely  no  competitor. 

Why  can  we  produce  such  wonderful  results  in  large  concrete  jobs 
and  why  cannot  we  successfully  use  the  same  material  in  our  homes,  a 
number  of  which  comprise  a  large  job?  And  with  a  shortage  of  thousands 
of  homes  why  think  only  in  the  unit  of  one?  In  other  words,  what  are  the 
basic  principles  for  the  successful  use  of  concrete  in  one  class,  and  how 
can  we  apply  them  to  home  building  ? 

In  order  that  we  may  have  a'  mutual  vxnderstanding  of  just  what  we 
mean  by  reinforced-concrete  construction  for  the  home,  we  shall  go  over 
the  elements  necessary  in  home  building  to  determine  the  possible  concrete 
parts. 

The  footings  and  cellar  wall  are  usually  of  concrete  in  any  type  of 
construction.  The  exterior  wall  above  grade  in  the  usual  reinforced-con- 
crete job  is,  however,  on  the  order  of  a  brick  and  tile  wall,  the  floor  being 
carried  on  exterior  columns,  but  in  case  of  the  home,  by  moving  up  our 
cellar  wall  forms,  we  can  economically  build  the  entire  exterior  wall  of 
concrete,  furring  it  later  on.  In  a  fireproof  home  the  floor  will  natiu'ally 
be  of  reinforced  concrete,  having  anj^  desired  finish,  and  carried  on  interior 
columns  and  beams;  while  the  non-bearing  partitions  will  be  of,  say 
'gypsum  tile  as  in  any  fireproof  building,  since  the  use  of  poured  concrete 
will  necessarily  cut  up  and  complicate  the  exterior  wall  and  floor  forms. 
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and  also  liinder  freedom  in  varying  the  room  arrangement  of  a  group  of 
homes. 

The  roof  construction  will  naturally  be  determined  by  the  architecture, 
concrete  if  flat  and  slate  covered  frame  construction  if  pitched  roof  is 
called  for.  The  stairs  can  be  safely  made  of  wood,  protected  underneath 
by  metal  lath  and  plaster,  or  they  can  be  of  concrete.  The  remaining 
items  for  exterior  and  interior  finish  are  practically  the  same  as  in  any 
type  of  construction. 

Sifted  down,  then,  the  use  of  concrete  in  home  building  is  economically 
limited-  to  the  structural  frame;  the  cost  of  which  concrete  frame  will  be 
the  identical  for  two  homes  of  same  size  even  though  one  is  in  a  wealthy 
section  and  the  other  in  a  poorer  section.  The  structural  frame  is  deter- 
mined by  the -building  code  standards,  while  the  finishing  is  determined 
by  the  desires  and  purses  of  the  people  for  whom  they  are  built.  The  struc- 
tural frame  of  a  factory  will  cost  the  same  as  one  for  a  similar  sized 
hotel  (if  the  live-loads  are  the  same)  but  the  finish  is  another  matter  in 
which  the  concrete  plays  no  part.  As  far  as  concrete  is  concerned,  the 
problem  is  one  of  economically  producing  'a  structural  concrete  frame,  so 
often  considered  as  the  house  itself.  Here  we  have  a  frame  for  a  home 
that  will  not  crack  when  properly  reinforced,  that  fire  cannot  burn,  that 
time  cannot  fade,  that  rain  cannot  penetrate,  that  winds  cannot  budge, 
and  that  vermin  cannot  disintegrate. 

This  concrete  frame  is  naturally  determined  by  the  forms  into  which 
it  is  poured  when  in  a  plastic  state.  Tliink  of  the  adapatability  of  con- 
crete in  this  state  of  manufacture,  as  it  comes  from  the  mixer  and  for 
what  more  flexible  material  can  your  ask  with  which  to  build  a  frame  for 
a  home? 

As  the  first  thing  in  a  development  of  a  number  of  homes,  no  matter 
of  what  type,  the  builder  demands  standardization  to  cut  his  costs.  The 
apparent  horror  of  standardization  seems  to  stop  further  architectural 
interest  when  a  set  of  forms  is  mentioned  for  fireproof  homes  of  reinforced 
concrete.  But  standardization  is  not  a  hindrance  when  we  understand  it 
but,  on  the  contrary,  it  makes  for  efficiencj^,  economy,  and  permits  of 
^ood  architecture  when  properly  used,  as  we  shall  prove. 

Investigate  any  of  the  successful  homes  of  wood  construction  and  you 
will  find  builders  have  cut  their  costs  by  erecting  a  well  proportioned 
frame  to  a  few  simple  plans  and  have  obtained  pleasing  architectural 
results  in  finishing  this  frame  writh  wood,  brick  or  stucco,  and  by  proper 
handling  of  roofs,  porches,  etc.,  all  built  up  of  standard  units  of  standard 
shapes.  Variety  was  further  gained  by  different  placing  of  standard 
windows  and  doors,  and  various  pleasing  color  eft'eets  'were  obtained  by 
applying  standard  paints.  Later  on  the  owner  sows  standard  lawn  seed 
and  plants  standard  shrubs,  and  the  same  gentleman  soon  cuts  the  standard 
grass  with  a  standard  lawn  mower,  and  only  cusses  the  noii-standardized 
weeds.  So  why  worry  about  standards,  for  by  merely  combining  them 
differently  we  get  results  that  certainly  do  not  look  standardized.     People 
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like  individuality  in  their  homes  and  will  readily  pay  for  the  small  extra 
cost  of  obtaining  different  exterior  designs  as  well  as  different  arrange- 
ment of  rooms  of  similar  sized  plans. 

There  certainly  is  no  reason  why  we  cannot  also  finish  a  concrete  frame 
as  we  do  a  wood  frame  with  various  architectural  results.  So  let  us  study 
this  concrete  frame  which,  as  we  have  said  before,  is  first  a  question  of 
forms.  What  better  can  we  do  than  to  study  the  form  construction  used 
by  successful  concrete  contractors  all  over  the  country?  Their  form  for  a 
job  requiring  concrete  walls  and  floors  consists  primarily  of  a  sill  course, 
studs,  plates  and  floor  joists,  all  sheathed  over  and  jaroperly  fastened  and 
supported.  Fundamentally,  these  forms  are  nothing  other  than  our  typical 
structural  parts  vised  in  framing  a  wood  house,  without  cutting  for  win- 
dows and  doors. 

It  is  very  evident  then  that  before  we  pour  our  concrete  for  a  build- 
ing, we  must  practically  erect  an  ordinary  wood  frame  for  our  structvire 
as  a  form  from  which  we  will  obtain  a  duplicate  in  concrete.  Therefore, 
since  it  is  apparently  a  matter  of  covering  our  present  wood  frame  with 
a  concrete  frame  and  then  removing  the  wood  one,  the  study  of  the  forms 
for  so-called  concrete  house  brings  us  back  to  the  study  of  the  structural 
elements  of  ordinary  wooden  house  framing,  to  see  how  they  can  be 
adapted  for  standardized  forms,  for  obtaining  a  duplicate  frame  of  con- 
crete of  various  sized  plans. 

You  will  find  on  examining  popular  plans  of  these  wood  homes  of 
colonial  days  as  well  as  of  our  present  time  that  the  vast  majority  are 
rectangular  in  shape  and  on  analyzing  them  for  structural  members  you 
will  see  that  the  smaller  rectangular  homes  have  one  bearing  partition, 
which  naturally  in  a  concrete  job  will  be  replaced  by  beams  and  columns. 
In  making  this  type  longer  the  joists  on  either  side  of  the  bearing  parti- 
tion must  be  longer  up  to  a  certain  limit,  and  then  a  still  longer  home  is 
obtained  by  adding  a  second  bearing  partition,  as  in  the  popular  center 
hall  type  of  home.  To  make  either  plan  wider,  one  naturally  calls  for 
additional  joists  and  studs..  Various  room  arrangements  are  readily  ob- 
tained by  changing  the  interior  partitions  and  stairs.  Since  people  demand 
smaller  or  larger  homes  of  each  type,  why  not  vary  the  sizes  in  terms  of 
a  standard  unit  say  40,  instead  of  a  few  inches  as  it  materially  reduces 
the  number  of  necessary  plans  to  a  few  standard  ones,  a  vitally  important 
matter  for  forms.  The  architectural  success  of  these  wood  homes  cannot 
be  questioned  as  there  are  thousands  of  examples  to  prove  it  a  fact,  and 
all  we  want  to  do  it  is  duplicate  the  unseen  structural  wood  frame  with 
an  unseen  structural  concrete  frame;  finishing  it  the  same,  if  you  wish 
with  clapboards,  stucco  or  brick,  and  a  roof. 

With  good  architecture  thus  assured,  the  whole  question  now  then 
centers  down  to  the  vital  question  of  costs.  If  we  can  build  the  wood 
frame  (forms)  in  knockdown  so  as  to  eliminate  the  endless  labor  of 
measuring,  sawing  and  nailing  each  piece  of  wood  for  each  house,  and  at 
the   same   time   obtain    difl'erent    sized    plans    without    complicating   these 
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forms,  which  we  must  use  over  and  over  again,  we  have  one  method,  at 
least,   for   economic  production  of  concrete  frames  for  fireproof  homes. 

Our  solution — the  Hueber  Forms  ( patented )  — consists  of  wood  studs 
resting  on  a  wood  sill  course  with  beveled  top  to  allow  easy  stripping  of 
studs.  A  steel  channel  plate  (or  aligner)  carries  around  the  building  at 
top  of  studs  an  dalong  the  beam  sides  to  tie  and  line  up  the  studs  properly, 
and  it  also  carries  the  floor  form  joist  of  light  pressed  steel  I-beams, 
which  do  not  require  shoring.  Braces  adjustable  by  turnbuckles  and 
pinned  into  position  plumb  up  the  walls  and  horizontal  angle  iron  braces 
at  inside  corners  of  building  at  aligners  automatically  square  the  forms. 
(The  four  corner  studs  are  temporarily  braced  with  short  pieces  of  wood 
nailed  to  sill  in  erecting.)  Wall  panels  are  buttoned  in  place  and  floor 
panels  are  simply  placed  on  joists.  Exterior  forms  consist  simply  of  one 
sized  panels;  while  one  sized  wall  tie  and  one  sized  wedge  are  used  to  hold 
the  forms,  a  standardization  which  avoids  confusion  by  eliminating  the 
possibility  of  mixing  up  small  pieces  of  diff'erent  sizes  on  the  job.  Sepa- 
rators thru  which  malleable  iron  wall  ties  (bolts)  pass  are  used  in  holding 
wall  forms. 

Different  sized  homes  are  obtained  by  simply  adding  or  replacing  a 
span  of  joists  and  plates  (or  aligners)  paralled  to  joists,  just  as  is  done 
in  regular  framing  for  wood  homes  as  we  have  before  stated.  We  do  not 
use  adjustable  form  pieces  as  they  hinder  efiicient  field  work.  Sleeves  for 
plumbing  and  heating  pipes  are  placed  before  pouring,  while  the  conduits 
for  electric  wires  are  placed  in  floors  and  exterior  walls  before  pouring  just 
as  in  any  concrete  job. 

Our  aim  is  to  make  possible  the  production  of  structural  concrete 
frames  of  various  sizes  and  adaptable  to  various  architectural  results,  at 
a  rock  bottom  cost.  Thereafter,  as  we  have  stated  before,  what  goes  in  to 
make  up  the  finished  home  in  plumbing,  heating,  electrical  equipment, 
roof,  porch,  and  decorating  must  rest  with  the  builder  architect  or  owner 
as  to  how  much  he  thinks  it  advisable  to  spend  in  the  particular  locality. 
As  to  costs  of  the  concrete  frame,  including  erection  of  forms,  placing  of 
steel  reinforcing  and  sleeves,  pouring  concrete  and  stripping  and  moving 
equipment,  it  takes  360  hours  using  2  carpenters  and  3  laborers,  for  a 
completed  frame  with  6  in.  walls  and  5  in.  floors  for  a  24x31  ft.  home,  with 
8000  sq.  ft.  of  total  form  surface  for  walls  and  floors.  About  two  tons 
of  reinforcing  are  used. 

By  using  sash  balances  in  place  of  pulleys  and  weights,  we  can  use  a 
%x2  in.  easing — a  saving  of  material  and  time  in  erecting.  This  trim  is 
also  used  for  doors  and  people  like  it.  In  a  lower  priced  home  than  we  are 
now  building  the  tile  and  %  in.  oak  floor  finish  can  of  course  be  replaced 
t)y  linoleum,  or  concrete.  Our  interior  partitions  of  gypsum  tile  can  be 
replaced  by  a  2  in.  metal  lath  and  plaster  wall,  or  wood  studs  with  metal 
lath  or  plaster  boards.  Since  there  is  no  chance  for  settlement,  the 
danger  of  cracking  plaster  is  avoided,  and  we  use  this  as  a  good  selling 
point  for  in  so  many  wood  homes  cracks  are  unavoidable  and  also  every 
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lath  shows.  We  consider  the  money  spent  for  furring  our  6  in.  walls  with 
1  in.  corkhoard  nailed  directly  to  Avail  and  ready  for  plaster,  is  a  good 
investment  when  yearly  saving  in  coal  is  figured.  Metal  lath  or  plaster 
board  may  be  used,  of  course,  in  place  of  cork,  but  in  this  case  the  neces- 
sary furring  strips  should  be  nailed  on  horizontally,  to  shorten  the  air 
spaces  as  the  higher  an  air  sjpace  is  the  less  efficiency  it  has.  In  warmer 
climates  furring  is  unnecessary  in  which  case  a  thin  plaster  coat  can  be 
applied  directly  to  wall.  In  either  case  it  is  the  cost  of  a  unit  of  7% 
finished  wall  that  must  be  considered  in  making  comparative  costs,  regard- 
less of  how  costly  it  appears  to  be.  It  is  not  necessary  to  furr  for  a  brick 
veneered  concrete  wall  as  it  has  an  air  space  between  brick  and  concrete. 

We  use  beam  and  tile  (gypsum)  slab  construction  for  floor  instead  of 
solid  slabs,  not  only  saving  on  dead  weight  without  increasing  cost,  but 
also  we  get  a  warmer  second  story  through  the  better  insulating  properties 
of  gypsum  in  the  second  story  ceiling,  or  one  might  say  on  the  attic  floor. 
Framing  around  stair  well,  which  can  be  placed  as  desired,  is  obtained 
by  placing  a  5  in.  steel  channel  on  forms  as  a  beam  and  after  stripping  our 
form,  we  place  a  small  sized  precast  concrete  column  under  the  channel. 
Breaks  in  plan  for  special  demands  can  be  obtained  by  using  ordinary 
formswork  along  with  our  forms,  using  this  lumber  later  on  where  pos- 
sible, or  when  several  homes  with  like  breaks  in  plan  are  built,  an  extra 
unit  of  our  forms  can  be  built  for  it  and  used  over  for  each  home.  Bay 
windows  are  more  economically  framed  out  with  wood  and  covered  with 
lath. 

The  cost  of  forms  is  immaterial  as  we  intend  only  to  lease  our  forms 
and  the  item  of  royalty  will  depend  on  individual  requirements  of  archi- 
tecture, etc.,  of  different  localities.  While  our  firm,  as  general  contractors, 
builds  schools,  factories,  etc.,  of  concrete  construction  at  the  same  time 
we  believe  that  in  concrete  construction  in  home  building  there  is  a  large 
field  open  to  the  progressive  builder. 


NOTE  ON  FATIGUE  OF  MORTAR. 

( From  the  Laboratory  of  Testing  Materials  of  Purdue  University ) . 

By  W.  K.  Hatt.* 

Recently  the  need  for  information  upon  the  ability  of  plain  concrete 
to  withstand  repeated  loads  has  become  evident,  not  only  in  the  design  of 
road  slabs  but  in  the  interpretation  of  tests  made  from  concrete  roads  of 


FIG.   1. FATIGUE  TESTING  MACHINE  IN  LABORATORY. 


different  ages.  Experiments  in  compression  by  Van  Ornun,  of  Washington 
University,  indicated  the  fatigue  element.  Since  then  experiments  have 
been  conducted  in  reinforced  concrete  by  the  United  States  Shipping  Board. 
At  the  present  time  tliree  investigations  of  plain  concrete  under 
repeated  and  reversed  stresses  are  under  way  in  the  testing  laboratory  of 
the  Department  of  Highways,  State  of  Illinois,  under  Clifford  Older;  in 
the  testing  laboratory  of  the  University  of  Maryland,  under  Dean  A.  N. 


*. Professor  of  Civil  Engineering,  Purdue  University,  Lafayette,  Ind. 
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Johnson,  and  under  the  direction  of  the  writer  at  Purdue  Universitj^  It 
is  the  purpose  of  this  paper  to  give  an  account  of  the  experiments  of 
Purdue  University,  not  with  the  view  of  drawing  any  conclusions,  but  as 
a  matter  of  information  of  current  progress  and  to  stimulate  others  to 
enter  this  fascinating  field  of  research. 

It  is  well  known  that  metals  will  ruptiire  under  repeated  application 
of  loads  below  the  ultimate  strength,  and  that  there  is  a  percentage  of 
the  ultimate  stress  which  may  be  applied  indefinitely  without  rupture. 
It  used  to  be  considered  that  the  law  connecting  stress  and  number  of 
repetitions  was  a  continuous  curve  such  as  shown  by  Van  Ornun,  but  Prof. 
H.  F.  Moore  has  demonstrated  quite  clearly  that  there  is  no  continuous 
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FIG.  2. — TYPICAL  CYCLE  CUB\'ES  OF  FATIGUE  TEST. 

law,  and  that  at  stresses  higher  than  the  critical  stress  the  number  of 
repetitions  required  to  rupture  dirriinish  rapidly  as  the  stress  increases. 
It  might  naturally  be  expected  that  a  material  like  concrete  which 
has  only  a  small  degree  of  elasticity  and  a  large  degree  of  plasticity, 
would  exhibit  phenomena  of  fatigue.  The  difficulties  in  measurement  in 
the  case  of  plain  concrete  are  serious,  and  the  effect  of  the  inertia  of  the 
specimen  likely  to  be  confusing. 


Apparatus. 

The  apparatus  used  in  the  Purdue  experiments  is  shown  in  Fig.  1. 
The  specimen  is  a  mortar  beam  4x4  in.  cross  section  and  30  in.  long.  It 
is  placed  in  an  upright  position  as  a  column  and  loaded  by  a  bracket  fixed 
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Beam— No.  30. 

Mix— 1  :  2.       ■ 

Age — 28  days. 

Alternate  load — 80  lb. 

Per  cent  of  Static  Load — 50. 


Table  I. — Fatigue  Test. 
CYCLE  CURVE  DATA. 


18800  Reversals. 


Load  at 

Unit  Deformation,  in.  per  in. 

Gage  No.  1. 

Gage  No.  2. 

+  .000  010  5 
-.000  076  8 
-.000  004  8 
+  .000  0718 
+  .000  022  0 
-  .000  075  4 
-.000  0115 
+  .000  080  4 
.    +.000  013  5 

+  000  000  2 

A             

+  000  058  7 

+  000  000  2 

B 

-  000  058  3 

-  000  017  8 

A 

+  000  057  6 

+  .000  002  7 

B 

-  .000  058  1 

-  .000  017  8 

Note.    +  sign  is  tension,  —  sign  is  compression. 

23760  Reversals  (after  beam  had  fatigued  8  hours). 


Load  at 

Unit  TDeformation,  in.  per  in. 

Gage  No-  1. 

Gage  No.  2. 

-  .000  000  2 
-.000  103  0 
-.000  022  8 
+  000  109  1 
+  .000  012  7 

-  .000  105  8 
-.000  022  0 
+  .000  099  6 
+  .000  010  5 

-.000  008  7 

A 

+  .000  067  6 

+  000  022  7 

B     

-.000  074  4 

-.000  010  3 

A 

+  .000  081  2 

+  .000  025  8 

B 

-.000  074  6 

-.000  012  4 

Note.    +  sign  is  tension,  —  sign  is  compression. 

23760  Reversals  (after  beam  had  rested  16  hours). 


Load  at 

Unit  Deformation,  in.  per  in. 

Grade  No.  1. 

Grade  No.  2. 

+  .000  009  1 
- .000  102  2 
-.000  020  8 
+  .000  100  2 
+  .000  019  6 
-.000  098  6 
-.000  019  8 
+  .000  100  0 
+  .000  019  6 

-.000  008  7 

A 

+  .000  067  6 

+  .000  022  7 

B .* 

-.000  074  4 

-.000  010  3 

A 

+  .000  081  2 

+  .000  025  8 

B 

-.000  074  6 

-.000  012  4 

Note.    +  sign  is  tension,  —  sign  is  compression. 
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Table  II. — Fatigue  Test. 

STATIC  LOADING. 


Beam— No.  28. 

Mix— 1  :  2. 

Age — 28  days. 

Load  applied  30  inches  from  center  line  of  column. 


Load  in  Pounds. 

Unit  Deformations,  in.  per  in. 

Gage  No.  1 
(Tension). 

Gage  No.  2 
(Compression). 

0 

.000  000  0 
.000  022  0 
.000  030  6 
.000  033  5 
.000  049  4 
.000  051  6 
.000  070  0 
.000  078  6 
.000  090  7 
.000  097  8 
.000  110  5 
.000  129  8 
.000  136  5 
.000  156  0 


.000  000  0 

30 

.000  013  8 

40 

.000  013  8 

50 

.000  026  4 

60 

.000  0318 

70 

.000  032  0 

80 

.000  051  0 

90 

.000  059  1 

100 

.  .  .  . 

.000  065  1 

110 

.000  069  6 

120 

.000  089  7 

130 

.000  103  7 

140 

.000  108  9 

150 

.000  122  7 

160 

Note.    Beam  failed  23^  in.  inside  of  gage  after  it  held  a  load  of  160  lb.  for  a  few  seconds.' 
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Table  III. — Fatigue  of  Concrete. 

SUMMARY  SHEET. 
4  X  4  X  30  in.  Beams  . 


Age 

at 

begin- 

Static 

Mark. 

Test. 

Mix. 

ning 

Gage 

Break- 

of 

Length. 

ing 

Test, 

in. 

Load, 

days. 

lb. 

1 

St. 

1  :  2 

22 

160 

2 

•  St. 

1:2 

14 

140 

3 

St. 

1:21/2 

14 

130 

5 

St. 

1  :  2 

7 

110 

7 

St. 

1  :  1,H 

7 

110 

9 

St. 

1 :  m 

7 

180 

11 

Alt. 

1:21/2 

7 

12 

St. 

1:1^2 

14 

2 

220 

13 

.41t. 

1:1)4 

14 

2 

14 

St. 

1:  2 

14 

8 

140 

15 

Alt. 

1  :  2 

14 

10 

16 

St. 

1  :  2 

28 

10 

140 

17 

Alt. 

1  :  2 

28 

10 

18 

19 

:;() 

St. 

1  :  IK2 

7 

10 

200 

21 

Alt. 

1:  Ih 

7 

10 

22 

Alt. 

1:2 

40 

10 

23 

Alt. 

1:  2 

40 

10 

24 

St. 

1  :  2 

40 

10 

140 

25 

■St. 

1:2 

40 

10 

140 

2ti 

St. 

1  :  2 

28 

10 

210 

27 

Alt 

1  :  2 

28 

10 

28 

St. 

1  :  2 

28 

10 

160 

29 

Alt. 

1:2 

28 

10 

30 

Alt. 

1  :  2 

35 

10 

31 

St. 

1  :  2 

28 

10 

160 

32 

St. 

1:2 

28 

10 

180 

.33 

Alt. 

1  :  2 

28 

10 

34 

Alt. 

1:2 

28 

10 

35 

Alt. 

1:2 

28 

10 

36 

St. 

1  :  2 

28 

10 

180 

Static  Breaking 
Deformations. 


Tension, 
in.  per 


(.000  066) 


.000190 


.000  167  7 
.000  115  7 


.000  195  6 
.000  156  0 


.000  1310 
.000  217  1 


.000  176  3 


Com- 
pression, 
in.  per 
in. 


.000  060 


.000  173  8 


.000  144  9 
.000  108  7 


.000  152  9 
.000122  6 


.000120  2 
.000  136  4 


.000  136  8 


No.  of 
Appli- 
cations 
of  Load 
per 
mini- 
mum. 


10 


Alternate 
Load. 


lb. 


50 

100 

50 

70 

160 

90 
105 

105 
80 


Per 

cent 

of 

Static, 


28 
45 
36 
50 

50 

64 
75 

50 


47 


No.  of 
Rever- 
sals to 
cause 
Failure. 


16  200" 
'  2  704 
37  200 
144  825 

9  280 

9  800 
374 

11900 


29  600 
26  410 


22  500 


3  100 
2  520 


.A.lternate  Deformation. 


At 
Rever- 
sals. 


2  500 

37  198 

144  825 


9  270 
5  820 


10  580 


28  820 
25  610 


22  180 


1900 
2  510 


Tension  to 
Compression. 


Maxi- 
mum, 
in.  per 
in. 


.000  2416 
.000  1915 


.000  273  6 


.000194  6 
.000  215  3 


.000  247  2 


.000  127  0 
.000  3212 


Mini- 
mum, 
in.  per 
in. 


.000  145  3 
.000138  0 


.000  2318 


.000  174  4 
.000133  3 


.000  192  8 


.000  082  6 
.000179  5 


Aver- 
age, 
in.  per 
in. 


.000134 
000  0811 
.0005' 


.000193  5 
.000  164  8 


.000  252  7 


.000  184  5 
.000174  3 


.000  220  0 


.000  104  8 
.000  250  3 


Location  of 

Fracture. 


Under 
Statio 
Load. 


Out  gage 


In  gage 


In  gage 
At  gage 

In  gage 
In  gage 


At  gage 
At  gage 


In  gage 


Lender 

Alternate 

Load. 


In  gage 
Out  gage 
In  gage 


In  gage 

Out  gage 
Out  gage 


In  gage 


Out  gage 
In  gage 


In  gage 

In  gage 
In  gage 


No.  9  and  11,  same  mortar. 
Test  stopped. 
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to  the  upper  end  so  that  bending  stresses  are  induced  so  much  greater 
than  the  direct  stresses  that  the  test  is  practically  one  of  beam  action. 
The  photograph  shows  the  apparatus  in  place  and  that  loads  are  placed 
alternately  at  either  end  of  the  bracket  by  means  of  walking  beams. 

After  some  experience  with  a  rectangular  prism  the  specimen  was 
changed  in  form  to  provide  enlarged  ends  for  gripping  so  that  fractures 
were  more  likely  to  occur  in  the  gage  length.  The  rapidity  of  the  appli- 
cation of  the  load  was  at  the  rate  of  10  cycles  per  minute.  Berry  strain 
gages  are  applied  to  both  ends  of  the  specimen  and  observations  taken  of 
the  deformations  from  tension  to  compression  and  vice  versa  on  the  two 
sides  of  the  specimen. 

Fig.  2  shows  the  sequence  of  deformations  and  the  set,  or  failure  to 
return  to  its  original  shape,  first  in  tension  and  then  in  compression.  It 
is  probable  that  this  working  of  the  material  through  its  plastic  stage 
between  these  sets  is  the  cause  of  the  so-called  fatigue. 

It  has  been  necessary  each  night  to  shut  off  the  electric  current  which 
supplies  power  to  the  apparatus,  and  during  this  period  of  rest  the  con- 
crete recovers  from  the  working  of  the  preceding  day  as  shown  very  nicely 
in  Fig.  3.  Table  III  gives  the  results  of  the  test  up  to  the  present 
time.  The  mortar  mix  ranges  from  1:  l^/^  and  the  age  of  the  specimen 
from  7  to  40  days.  After  some  preliminary  experiments  the  investigations 
are  now  be-ing  confined  to  mortar  beams  of  1 :  2  mix  and  the  age  of  28 
days. 

First  of  all  a  twin  beam  is  broken  in  so-called  static  loading  or 
when  weights  are  increased  on  one  end  of  the  bracket  until  the  specimen 
fractures.  (See  Fig.  4  and  Table  II.)  The  fatigue  range  is  then  taken 
as  a  per  cent  of^the  static  load,  ranging  in  the  test  from  36  to  75  per 
cent  of  this   static  load. 

Deformations  under  the  normal  working  of  the  apparatus  were  com- 
pared to  those  with  the  loads  at  rest  to  determine  the  impact  or  sud- 
denly applied  effect  of  the  load.  The  latter  effect  is  about  1  per  cent  and 
may  be  disregarded.      (See  Fig.  5.) 

.    General  Behavior  Under  Test. 

The  curves  show  the  phenomena  of  the  test  quite  clearly.  There  is 
an  increasing  deformation  under  fatigue  until  the  beam  finally  ruptures. 
The  number  of  reversals  at  rupture  varies  greatly,  and  there  is  apparently 
no  well  defined  law  exliibited.  The  tendency  is  toward  fewer  cycles  at 
rupture  almost  directly  as  load  is  increased.  Beams  which  have  a  high 
degree  of  stiffness  seem  to  have  more  endurance  than  those  of  less  stiff- 
ness. It  is  planned  for  the  immediate  future  that  the  endurance  of  beams 
shall  be  determined  on  the  basis  of  the  increasing  per  cent  of  static  load  to 
determine  if  there  is  a  critical  stress  similar  to  that  observed  by  Professor 
Moore  in  the  case  of  steel. 

The  general  indications  are  that  ultimate  extensibility  of  the  beams 
may  be  reached  either  by  a  load  once  applied  or  by  a  smaller  load  repeated 
a   number  of  times; 


PROPORTIONING   CONCRETE   MIXTURES. 

Br  Duff  A.  Abrams.* 

A  discussion  preceding  a  demonstration  of  actual  field  proportion- 
ing of  concrete  hy  Stanton  Walker.  Mr.  Walker  has  prepared  a 
resume  of  the  methods  used  ivhich  appears  on  p.  182  of  this  volume. 

Many  diflerent  methods  have  been  used  and  several  theories  have  been 
advanced  as  a  basis  for  proportioning  concrete.  I  need  only  refer  to  a 
few  of  these  to  refresh  your  memory.  We  have  the  present  custom  (almost 
universal,  I  regret  to  say)  of  proportioning  concrete  by  arbitrary  quan- 
tities; that  is,  we  vise,  say  a  1:  2:  4  mix  regardless  of  the  particular  type 
of  materials  available  and  regardless  of  the  quantity  of  mixing  water  vised 
and  take  little  or  no  account  of  the  strength  of  concrete  prodviced.  Need- 
less to  say,  this  method  is  extremely  crude,  and  does  not  recommend  itself 
to  thoughtful  engineers. 

The  maximvim-density-of-aggregate  method  has  been  advocated  ami 
used  to  some  extent.  Here  the  endeavor  was  to  grade  aggregates  in  such 
a  way  as  to  give  an  aggregate  mixture  of  maximum  density,  and  then 
supply  the  quantity  of  cement  that  was  considered  necessary  to  produce 
the  concrete  desired  for   a  particular  purpose. 

Another  method  which  has  been  used  in  the  proportioning  of  concrete 
is  based  on  the  voids  in  the  aggregates.  The  voids 'in  the  coarse  aggre- 
gates were  determined,  a  sufficient  quantity  of  sand  was  supplied  to  fill 
those  voids,  then  a  sufficient  quantity  of  cement  was  used  to  fill  the  voids 
in  the  combined  aggregates.  This  is  a  little  more  rational  than  the  pvirely 
arbitrary  method.  It  is  not,  however,  on  a  scientific  basis.  It  will,  in 
general,  give  fairly  good  concrete,  but  it  has  been  shown  by  our  investiga- 
tions and  the  tests  of  others,  that  the  voids  in  the  aggregate  is  not  the 
determining  factor   in   concrete  mixtures. 

Experimental  Studies  of   Concrete. 

A  great  deal  of  experimental  work  has  been  done  in  endeavoring  to 
arrive  at  a  proper  basis  for  proisortioning  concrete.  Mvich  of  the  early 
work  of  R.  Feret,t  a  French  engineer,  was  devoted  to  a  stvidy  of  this 
problem.  Feret  confined  his  studies  almost  entirely  to  sand  mortars,  so 
that  it  is  not  easy  to  apply  his  methods  directly  to  a  concrete  mixture. 

Allen  Hazen^"''  did  some  very  interesting  work  in  his  studies  of  the 
use  of  sands  in  water  filtration.  He  made  use  of  the  "eft'ective  size"  and 
"uniformity  coefficient"  of  sands.  These  have  undoubtedly  served  a  useful 
pvirpose  in  that  connection,  but  many  engineers  have  endeavored  to  apply 


♦Professor  in  Charge,  Structural  Materials  Research  Laboratory,  Lewis 
Institute,    Chicago. 

tAnn.  Pouts  et  Chaussees  ;  also  Etude  Experimeutalc  du  Cinient  Arnie,  1901!. 

**24th  Annual  Keport  Mass.  State  Board  of  ITt^alth  ;  reprinted  in  "State 
Sanitation";   Harvard  Univ.Press,  v.  2,  p.   2:;2,   1917. 
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the  same  factors  to  concrete  aggregates  with  no  obvious  reason  why  they 
should  be  applicable.  It  is  apparent  that  these  functions  cannot  serve  any 
useful  purpose  so  far  as  concrete  aggregate  is  concerned,  since  they  are 
based  on  separations  made  by  one  or  two  sieve  sizes  and  consequently  are 
quite  inadequate  to  show  the  value  for  concrete  of  aggregate  which  covers 
a  wide  range  in  size.  A  good  idea  may  be  gained  of  the  wide  range  in 
sizes  in  concrete  aggregate  when  we  consider  that  the  diameter  of  a  3-in. 
pebble  is  over  500  times  that  of  a  particle  of  sand  which  passes  the  iOO- 
mesh  sieve. 

'  The  work  of  Fuller  and  Thompson*  is  a  source  of  valuable  informa- 
tion. However,  our  experiments  have  shown  that  the  grading  given  by 
INIr.  Fuller  in  his  "maximum-density  curve"  is  too  coarse  for  the  ordinary 
mixtures;  in  other  words,  for  the  usual  quantities  of  cement,  the  grading 
he  suggests  gives  a  harsh-working  concrete.  Another  corollary  of  Mr. 
Fuller's  method  indicates  that  the  aggregates  should  be  separated  into  a 
number  of  sizes  and  recombined  in  order  to  approximate  this  so-called 
maximum-density  curve.  Our  investigations  show  that  the  separation  of 
aggregates  into  a  number  of  different  sizes  and  recombining,  is  seldom, 
if  ever,  necessary  or  desirable;  and  especially  in  the  case  of  the  fine  mate- 
rials involves  a  great  expense  and  many  diflfiiculties.  I  believe  that  this 
method  has  been  used  to  some  extent,  but  the  practical  difficulties  in  the 
way  have  barred  it  from  general  application. 

A  number  of  otlier  experimenters  have  been  studying  this  problem 
during  the  past  few  years.  I  might  mention  Captain  L.  N.  Edwards  ('), 
R.  B.  Young  (  =  ),  Prof.  A.  N.  Talbot  (  =  ),  F.  L.  Roman  (^),  formerly  of  the 
Illinois  Division  of  Highways,  and  R.  W.  Crum(°),  of  the  Iowa  State 
Highway  Department.  All  these  men  have  furnished  valuable  information, 
so  that  we  are  able  to  approach  the  subject  from  many  different  angles. 

At  the  Structural  Materials  Research  Laboratory  we  have  been  en- 
gaged in  experimental  studies  of  concrete  and  concrete  materials  for  nearly 
8  years.  These  tests  are  being  carried  out  through  the  co-operation  of 
the  Portland  Cement  Association  and  Lewis  Institute.  It  was  apparent 
at  the  beginning  of  this  work  that  a  proper  basis  for  proportioning  con; 
Crete  was  not  available;  consequently,  among  our  first  investigations  were 
a  number  of  studies  of  the  general  subject  of  proportioning.  These  studies 
have  been  continued  up  to  the  present. 

The  studies  carried  out  thus  far  which  deal  with  the  many  phases 
of  proportioning  concrete  reach  a  total  of  about  100,000  tests.  These  tests 
fall  under  the  following  categories : 


*Traiis.  Am.  Soc.  C.  E.,  v.  59,  1907  ;  also  "Concrete  Plain  and  Reinforced," 
by  Taylor  and  Thompson,  1916. 

'Proc.  A.  S.  T.  M.,  V.  XVII,  Part  II,  p.  301,  1917  ;  also  Proc.  v.  XVIII, 
Part  II,  p.   30.3,   1918. 

=Proc.   A.   S.   T.   M.,   v.  XX,  Part  II,  p.   137,   1920. 

sproc.  A.   S.  T.   M.,   v.   XXI,   Part   II,   p.   940. 

■*Eng.  &  Coiit.,  May  5,  1915,  p.  403  ;  also  Bull.  14,  111.  State  Highway 
Department,   1917. 

=Proc.   A.  S.  T.  M.,  v.  XIX,  p.   458,   1919. 
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1.  standardization    of    test    methods, 

2.  Effect   of   grading   of   aggregates, 

3.  Effect  of  consistency  of  concrete, 

4.  Effect  of  quantity  of  cement, 

5.  Relative  merits  of  different  types  of  fine  and  coarse  aggregates, 
0.  Comparison  of  concrete  and  mortar  tests, 

7.  Effect  of  curing  condition, 

8.  Effect  of  age  of  concrete, 

9.  Effect  of  powdered  admixtures  in  concrete, 

10.  Studies  of   methods   of  measuring   plasticity   or   workability   of 

concrete, 

11.  Comparisons    of    compressive    strength,    tension,    flexure,    wear, 

yield  and  absorption  of  concrete. 

Theory  of  Concrete  Mixtures. 

The  real  problem  in  proportioning  concrete  mixtures  is  to  take  advan- 
tage of  the  characteristics  of  the  materials  available.  At  the  present 
time  aggregate  materials  cannot  be  transported  long  distances;  we  may 
know  ever  so  much  about  the  ideal  characteristics  of  sand  and  coarse 
aggregates,  but  we  may  not  be  able  to  get  that  type  of  aggregate.  In 
other  words,  we  must  make  the  best  we  can  of  the  materials  available. 

Our  investigations  have  led  us  to  the  following  fundamental  prin- 
ciples : 

1.  The  strength  of  a  concrete  mixture  depends  on  the  quantity 
of  mixing  water  in  the  batch,  expressed  as  a  ratio  to  the  volume  of 
cement  so  long  as  the  concrete  is  workable,  and  the  aggregates  are 
clean  and  structurally  sound. 

2.  The  effect  of  differences  in  the  quantity  of  cement  is  re- 
flected by  differences   in  the  water-ratio. 

3.  The  sieve  analysis  of  the  aggregate  is  the  basis  on  which 
proportioning  must  be  done.  There  is  an  intimate  relation  between 
the  size  and  grading  of  the  aggregate  and  the  quantity  of  water 
required  to  produce  concrete  of  a  given  workability. 

4.  It  is  not  necessary,  or  desirable,  that  the  aggregate  be  pro- 
portioned according  to  any  fixed  grading;  wide  variations  in 
gradings  of  aggregate  may  occur  without  affecting  the  quantity 
of  mixing  water  or  the  quality  of  the  concrete. 

5.  Plasticity  or  workability  is  an  essential  requirement  of  con- 
crete for  structural  purposes. 

The  sieve  analysis  expresses  the  life  history  of  the  material,  so  far 
as  its  concrete-making  properties  are  concerned.  It  is  only  necessary  for 
us  to  interpret  this  information  in  order  to  use  the  material  to  the  beat 
advantage. 
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The  mixing  water  in  concrete  serves  two  distinct  purposes,  althougJi 
we  do  not  always  recognize  those  distinctions.  One  purpose  is  to  supply 
the  water  necessary  for  the  hydration  of  cement.  The  second  purpose  is 
to  produce  a  plastic  mixture.  I  do  not  believe  anyone  has  determined 
just  how  much  water  is  required  for  hydration,  but  such  informatior. 
as  we  have  indicates  that  it  is  a  relatively  small  percentage  as  compared 
to  the  quantity  we  must  use  in  the  concrete;  probably  not  more  than"  a 
quarter  or  a  third  of  the  water  that  is  usually  placed  in  the  concrete. 
QTie  excess  of  water  over  and  above  that  required  for  hydration  of  th'i 
cement  simply  goes  to  produce  a  plastic  mixture  and  is  removed  later 
by  evaporation. 

The  water-ratio  seems  to  be  the  factor  which  ultimately  governs  the 
strength  and  wearing  resistance  of  the  concrete.  If  we  use  one  cubic  _  foot 
of  water  (about  7^/4  gal.)  to  each  sack  of  cement,  we  would  have  a 
water-ratio  of  1 ;  a  smaller  quantity  of  water  per  sack  would  give  a 
water-ratio,  of  less  than  1,  etc.  The  usual  water-ratio  for  ordinary 
conditions  is  aljout  0.8  or  0.9,  or  about  6  to  6%  gal.  per  sack  of  cemeiit. 
In  dealing  with  water-ratio  we  disregard  water  absorbed  by  the  aggregates, 
although  water  mechanically  held  by  the  aggregate  would  be  con 
sidered.  A  great  many  tests  carried  out  in  our  laboratory,  and  those 
made  by  others,  have  shown  that  the  water -ratio  is  a  reliable  factor  in 
studying  the  characteristics  of  concrete.  Anything  that  can  be  done  in 
improving  the  grading  of  the  aggregate,  in  the  use  of  more  cement  or 
different  methods  of  finishing  or  placing  concrete,  in  order  that  it  may 
be  placed  with  a  lower  quantity  of  mixing  water — all  of  these  things  are 
simply  means  to  an  end;  namely,  to  produce  a  plastic  concrete  with  a 
lower  water -ratio. 

This  brings  us  to  a  point  which  is  generally  overlooked  in  our 
building  codes  and  other  documents  of  that  kind.  It  seems  to  be  the 
opinion  that  increasing  the  quantity  of  cement  is  the  cure  for  all  the 
difficulties  of  weak  or  inferior  concrete.  However,  if  adding  cement  is  not 
at  the  same  time  accompanied  by  a  reduction  in  the  water-ratio,  it  does 
not  accomplish  any  useful  purpose.  The  water -ratio  may  be  changed  due 
to  changes  in  the  relations  of  the  quantity  of  cement,  grading  of  aggregate, 
or  changes  in  relative  consistency  of  the  concrete;  however,  we  arrive  at 
the  same  result,  indicating  that  the  water-ratio  is  the  thing  that  actually 
controls  the  strength  and  other  properties   of  concrete. 

It  is  not  necessary,  or  desirable,  that  the  aggregate  be  proportioned 
according  to  any  fixed  grading;  wide  variations  in  gradings  of  aggregate 
may  occur  without  affecting  the  quantity  of  mixing  water  or  the  quality 
of  the  concrete. 

Plasticity  of  Concrete. 

The  question  of  plasticity  or  workability  of  concrete  is  a  very 
important  one.  We  are  hedged  about  on  all  sides  by  the  requirement  of 
jjlasticity.     We  could  not  use  concrete  at  all  if  it  were  not  for  the  fact 


178  Proportioning  Concrete  Mixtures. 

that  it  can  be  mixed  in  a  plastic  condition  and  placed  as  such.  We  must 
put  in  enough  water  to  make  our  concrete  plastic  so  that  it  can  be  worked 
into  place.  Now,  as  to  the  method  of  measuring  or  controlling  the  plas- 
ticity of  concrete ;  this  ■  is  .one  of  the  questions  which  is  giving  engineers 
more  concern  today  than  probably  any  other  one  thing.  A  number  of 
methods  have  been  suggested  and  a  great  deal  of  experimental  work  is 
now  under  way.  The  method  which  probably  has  met  with  most  common 
use,  because  of  its  simplicity,  is  the  slump  test.  This  test  will  be 
described  more  in  detail  in  Mr.  Walker's  discussion.  The  Bureau  of 
Standards  is  responsible,  I  believe,,  for  a  method  which  is  known  as  the 
flow-test,  in  which  a  sample  of  the  concrete  is  placed  on  a  horizontal 
table  which  is  raised  and  dropped  15  times  in  about  10  seconds,  thus 
flattening  out  the  concrete.  The  spread  or  increase  in  diameter  is  taken 
as  a  measure  of  the   plasticity  of  the  concrete. 

There  is  a  great  need  for  constructive  research  in  developing  a  satis- 
factory and  practical  method  of  determining  the  plasticity  of  concrete. 
Any  method  which  is  used  for  this  purpose  in  the  field  should  not  be 
interpreted  too  strictly.  In  other  words,  if  our  specification  indicates 
that  the  concrete  should  be  mixed  to  a  slump,  say,  of  6  in.,  we  would  not 
be  justified  in  rejecting  a  batch  of  concrete  simply  because  it  gave  a 
slump  of  7  in.  The  purpose  is  to  take  care  that  the  concrete  does  not 
habitually  go  beyond  the  quantity  fixed  by  the  specification.  In  most 
building  construction,  if  you  attempted  to  make  a  slump  test,  you  would 
get  nearer  12  in.  than  anything  else.  That  is  the  type  of  concrete  that 
we  must  guard  against,  and  I  believe  that  the  big  thing  this  test  can 
do  is  to  bring  home  the  importance  of  the  water  control  on  building 
construction.  I  know  that  a  great  many  people  are  skeptical  as  to  the 
practicability  of  such  control;  some  may  still  doubt  whether  an  excess  of 
water  does  produce  an  inferior  concrete;  but  I  can  say  with  all  the 
emphasis  of  which  I  am  capable  that  I  am  very  sure  it  does,  and  that 
in  many  cases  the  concrete  produced  on  the  job  has  a  strength  of  probably 
not  more  than  20  to  30%  of  the  strength  it  should  have,  and  probably 
not  more  than  60  ,or  70%  of  the  strength  upon  which  the  design  was 
based.  So,  under  these  conditions  we  should  not  be  surprised  to  find 
inferior  concrete,  and  we  do  find  it  too  often. 

Application  of  Principles. 

The  foregoing  principles  lead  us  to  a  number  of  practical  features 
of  concrete-making. 

The  quantity  of  mixing  water  used  to  produce  concrete  of  the  con- 
dition of  workability  necessary  is  of  major  importance.  Every  care  should 
be  taken  to  restrict  the  mixing  water  to  a  minimum.  An  excess  of  mixing 
water  produces  the  same  result  as  omitting  a  large  portion  of  the  cement 
from  the  batch. 

Methods  have  been  developed  whereby  aggregates  may  be  scientifically 
proportioned    on    the    basis   of   sieve    analysis    without    separation    into    -i 
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large  number  of  sizes.  Aggregates  may  be  used  with  good  results  regard- 
less of  the  fact  that  they  do  not  conform  to  our  older  ideas  of  what 
concrete  aggregate  should  be.  For  example,  the  Iowa  State  Highway 
Department  lias  embodied  in  their  specifications  for  concrete  roads  a 
method  whereby  so-called  pit  run  gravels,  can  be  used  in  almost  any 
proportions  in  which  they  occur,  so  long  as  they  are  clean,  regardless  of 
the  fact  that  there  may  be  a  great  excess  of  sand.  Their  method  requires 
an  increase  in  the  quantity  of  cement  in  proportion  to  the  quantity  of 
sand  in  excess  of  a  certain  minimum.  The  specifications  would  permit 
the  use  of  a  mixture  of  one  part  sand  and  one  part  coarse  aggregate  or 
of  a  sand  only,  providing  the  cement  content  were  increased  to  such  an 
extent  as  to  produce  concrete  of  the  strength  and  wearing  resistance  aimed 
at  by  the  specification.  This  instance  is  not  an  isolated  one.  The  Illinois 
Division  of  Highways  permits  the  same  thing.  In  many  sections  of 
Kansas  and  Nebraska  great  quantities  of  sand  and  very  little  coarse 
aggregate  are  available ;  here  a  1 :  3  sand  mixture  has  been  used  with  good 
results.  Of  course  this  procedure  would  have  been  frowned  upon  a  short 
time  ago,  but  I  believe  it  has  proven  its  value  and  will  become  general 
practice   in  the  future. 

Our  problem  is  to  put  together  the  aggregates  available  in  order  to 
get  the  best  concrete  mixture  we  can  for  a  given  cost  or  at  a  minimum  cost. 

Quality  of  Concrete. 

A  great  deal  has  been  said  with  reference  to  the  compressive  strength 
of  concrete  and  we  have  come  to  accept  the  compressive  strength  as  a 
measure  of  the  other  desirable  qualities  of  concrete. 

The  strength  of  concrete  is  an  important  factor  in  building  construc- 
tion and  in  other  types  of  construction;  however,  the  quality  of  concrete 
has  a  wider  bearing  than  strength.  A  structure  which  is  exposed  to  the 
weather,  with  wide  ranges  of  temperature,  wide  variations  in  moistur^i 
content,  and  probably  exposed  to  other  destructive  agencies,  must  have 
a  very  considerable  degree  of  resistance  if  it  is  to  give  a  good  account 
of  itself.  That  is  entirely  aside  from  the  matter  of  strength.  It  is  true, 
however,  that  the  strength  of  concrete  reflects  to  a  very  large  degree 
the  ability  of  concrete  to  withstand  these  other  agencies.  Our  experiments 
have  shown  that  so  far  as  wearing*  resistance  is  concerned,  it  is  true 
that  the  strength  is  the  proper  measure  of  the  quality.  The  tests  which 
I  showed  here  yesterday  indicated  that  the  flexural.  strength**  of  concrete 
is  not  influenced  in  exactly  the  same  way  as  the  compressive  strength, 
but  the  relation  is  in  the  same  direction.  The  variation  in  water  content 
did  not  affect  the  modulus  of  rupture  so  much  as  the  compressive  strength. 
However,  we  may  consider  that  the  compressive  strength  of  concrete  is 
an  entirely   satisfactory  measure  of  its  quality. 


*See  "Effect  of  Curing  Condition  on  the  Wear  and  Strength  of  Concrete," 
Bull.  2.  Structural  Materials  Research  Laboratory  ;  also  "Wear  Tests  of  Con- 
crete."  Proc.  Am.   Soc.  Testing  Mat.,   1921. 

**Plexural    Strength    of   Plain    Concrete;    see   page   20    of   this    volume. 
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Tables  of  Pkoportions  and  Quantities.    • 

As  a  result  of  our  experimental  studies  of  concrete  and  concrete 
aggregates  we  have  prepared  a  set  of  tables  of  quantities  and  proportions 
of  materials  for  concrete  of  a  given  strength.-'  Some  of  these  tables 
appeared  in  the  Joint  Committee  report;  others  have  been  added.  The 
purpose  of  these  tables  is  to  show  proportions  and  quantities  which,  under 
average  conditions,  may  be  expected  to  give  concrete  of  a  given  coui- 
pressive  strength  under  normal  conditions  of  curing. 

Their  chief  value  is  in  the  selection  of  proportions  for  preliminary 
investigations  and  in  making  changes  in  proportions  required  by  varia- 
tions in  materials,  after  a  basic  mixture  has  been  determined  upon.  It  is 
not  expected  that  the  tables  will  give  as  exact  information  as  may  be 
obtained  by  preliminary  investigations  of  materials  and  mixtures,  followed 
by  control  tests  made  during  the  progress  of  the  work. 

Standard  Tests  of  Concrete  and  Concrete  Materials. 

I  wish  to  add  a  ^few  words  on  the  work  of  standardization  which  is 
being  done  by  the  American  Society  for  Testing  Materials.  During  the 
past  year  or  two  that  Society  has  published  in  their  "Standards"  and 
"Proceedings"  the  following  neto  standards  or  tentative  standards  which 
are  of  interest  to  all  concrete  engineers: 

1.  Standard   Method   of   Making   and   Storing   Specimens   of    Concrete 
in  the  Field; 

2.  Tentative  Method  of  Making  Compression  Tests  of  Concrete; 

3.  Tentative  Specifications  for  Workability  of   Concrete  for   Concret-e 
Pavements ; 

4.  Tentative    Method    of    Test    for    Sieve   Analysis    of   Aggregate    for 
Concrete ; 

5.  Tentative   Method    of    Test   for    Organic    Impurities   in    Sands    for 
Concrete ; 

G.    Tentative    Method    of    Securing    Specimens    of    Hardened    Concrete 
from  the  Structure; 

7.  Standard    Method    of    Test    for    Unit    Weight    of    Aggregate    for 
Concrete; 

8.  Tentative   Specifications   for   Concrete  Aggregate; 

9.  Tentative  Method  of  Test  for  Voids  in  Fine  Aggregate  for  Concrete. 

Those  of  you  who  have  not  looked  up  these  standards  recently  will 
be  well  repaid  for  doing  so.  Many  of  the  concrete  tests  made  in  the 
past;  are  of  little  or  no  value,  due  to  the  fact  that   sound   principles  of 


♦"Quantities   of   Materials   for   Concrete,"   by   Duff   A.    Abraiiis   ami    Stantou 
Walker,    Bull.    9,    Structural    Materials    Research    Laboratory. 


Proportioning  Contrete  Mixtures.  181 

testing  were  violated.  It  is  frequently  impossible  to  properly  interpret 
indications  of  concrete  tests,  due  to  lack  of  proper  standard  methods  of 
manipulation.  The  tentative  standard  method  for  making  tests  of  concrete 
should  be  consulted  and  followed  so  far  as  possible  by  all  who  have 
occasion  to  make  tests..  In  those  standards  the  details  are  given  whereby 
consistent  results  can  be  secured  in  different  laboratories  and  in  different 
sections  of  the  country;  something  we  have  not  been  able  to  do  heretofore. 
We  have  been  floundering  around  for  40  years  and  for  the  first  time 
we  now  have  some  semblance  of  a  standard  method  for  making  sieve 
analysis  of  aggregates.  Heretofore  practically  every  laboratory  used  a 
different  set  of  sieves  or  used  a  different  method '  of  recording  sieve 
analysis,  and  consequently  the  results  have  been  so  divergent  that  it  has 
been  almost  impossible  for  one  person  to  make  anything  out  of  the  wwk 
done  by  others;  standard  sieves  and  methods  are  very  important  steps 
in  advance. 

Concluding  Remarks.  ' 

Considerable  progress  is  being  made  in  many  directions  in  improving 
and  standardizing  concrete  tests  and  practices,  all  of  which  will  exert 
an  important  influence  on  the  quality  of  work,  and  will  in  the  near 
future  result   in  a  higher  batting  average  of  good  concrete. 


FIELD  TESTS  TO  DETERMINE  PROPORTIONS  FOR  CONCRETE*. 
By  Stanton  Walker*'*. 

Considerable  interest  has  been  shown  in  the  methods  for  the  desig^i 
of  concrete  mixtures  developed  at  the  Structural  Materials  Research 
Laboratory  through  the  co-operation  of  the  Portland  Cement  Association 
and  Lewis  Institute.  These  notes  were  prepared  with  the  view  of  bringing 
about  a  better  understanding  of  the  applications  of  these  methods  to  the 
control  of  the  quality  of  concrete  in  the  field.  Professor  Abrams  has  just 
told  you  something  of  the  underlying  principles  of  the  theory  of  concrete 
mixtures.  I  will  outline  briefly  a  procedure  for  applying  this  theory 
to  proportioning  concrete.  These  methods  may  be  easily  applied  in  the 
field  by  the  average  contractor  or  engineer,  without  his  delving  into  the 
so-called  "mysteries"  of  the  theory  of  concrete  proportions. 

My  discussion  of  these  methods  will  involve  the  description  of  a 
diagram  from  which  proportions  of  materials  for  concrete  of  a  given 
strength  may  be  determined;  a  description  of  the  tests  necessary  for  the 
application  of  these  methods  and  an  illustration  of  the  necessary  calcula- 
tions for  determining  the  proportions  of  materials  for  a  given  strength. 

PuBPOSE  OF  Methods. 

The  chief  purposes  which  these  methods  serve  may  be  briefly  described 
as  follows : 

1.  To  furnish  a  guide  in  the  selection  of  mixtures  to  be  used 
in  preliminary  investigations   of  the  strength   of  concrete. 

2.  To  indicate  proportions  which  may  be  expected  to  produce 
concrete  of  a  given  strength  under  average  conditions  where  control 
tests  are  not  made. 

3.  To  furnish  a  basis  for  comparing  the  relative  economies 
of  concretes  made  by  combining  aggregates  of  difi'erent  sizes,  when 
the  workability  and  strength  of  the  resulting  concrete  are  taken 
into  account.  (In  other  words,  it  is  not  necessary  to  restrict 
aggregate   sizes  to   those  usually   mentioned   in   specifications.) 

4.  To  furnish  a  basis  for  making  changes  in  proportions  to 
compensate  for  variations  in  size  and  grading  of  aggregates  and 
workability  of  concrete  during   the  progress  of  the  Avork. 

It  should  be  emphasized  that  the  chief  value  of  the  methods  described 
here  and  in  various  publications  of  our  Laboratory  is  in  the  selection  of 
proportions  for  preliminary  investigations  and  in  making  changes  in  pro- 
portions required  by  variations  in  materials,  after  a  basic  mixture  luis 
been  established.     It  is  not  expected  that  they  will  give  as  exact  informa- 


♦Notes  prpparofl  from  a  rtiscussion  couplod  with  a  practical  demonstration 
of  methofls   before   tho   1922   Convention. 

♦♦Associate  Engineer,  Structural  Materials  Researcli  Laboratory,  Lewis 
Institute,   Chicago. 
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tion  as  may  be  obtained  by  preliminary   investigations   of   materials   and 
mixtures,  followed  by  control  tests  made  during  the  progress  of  the  work. 

Basis  of  Methods. 

As  Professor  Abrams  pointed  out,  the  results  of  investigations  carried 
out  at  this  Laboratory  and  elsewhere,  show  that  the  strength  of  concrete 
for  given  materials,  conditions  of  curing,  methods  of  testing,  etc.,  is  a 
function  of  the  quantity  of  water  in  the  batch  expressed  as  a  ratio  to  the 
volume  of  cement  so  long  as  the  concrete  is  plastic  and  workable.  This 
has  become  known  as  the  water-ratio  theory  of  proportioning  concrete. 
The  water -ratio,  and  hence  the  strength  of  concrete  involves  the  follow- 
ing factors: 

1.  Size  and  grading  of  aggregate, 

2.  Quantity  of  cement   (the  mix), 

3.  Plastic  condition  of  the   concrete. 

Figure  1  was  constructed  to  show  the  average  interrelation  of  com- 
pressive strength  of  6  by  12-in.  cylinders  stored  in  a  moist  place  and 
tested  at  the  age  of  28  days,  size  and  grading  of  aggregate,  quantity  oi 
cement,  and  plasticity  of  concrete,  as  indicated  by  the  slump  test.  This 
diagram  is  based  on  the  results  of  many  investigations  carried  out  at  the 
Structural  Materials  Research  Laboratory  during  the  past  8  years.  Tiie 
6  X  12-in.  concrete  cylinders  were  made  and  tested  under  standardized 
methods  similar  to  those  described  in  "Tentative  Methods  of  Making 
Compression  Tests  of  Concrete,"  of  the  American  Society  for  Testing 
Materials. 

Limitations  of  Methods. 

These  methods  furnish  a  guide  in  the  selection  of  concrete  mixtures 
and  for  comparing  different  mixtures  within  the  following  limitations: 

1.  Concrete  must  be   plastic   or  workable, 

2.  Aggregates  must  be  clean  and  structurally  sound, 

3.  Cement  must  meet  requirements  of  the   Standard   Specifications 

and  Tests  for  Portland  Cement  of  the  American  Society  for 
Testing   Materials, 

4.  Allowance  must   be   made   for   temperatures   below  normal ;    low 

temperatures  during  the  first  few  days  of  curing  greatly 
reduce  the  strength  of  concrete, 

5.  If  the  proportions  to  be  used  in  the  work  are  selected  without 

preliminary  tests  of  the  materials  and  control  tests  are  not 
made  during  the  progress  of  the  work,  the  mixtures  for  a  0 
to   7-in.   slump  should  be  used. 

Information  Necessary  for  Use  of  Diagrams. 

The  following  information  is  needed  in  order  to  determine  the  propor- 
tions for  concrete  of  a  desired  strength: 
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1.  Sieve   analyses  of   aggregate  made   in   accordance  with  standard 

methods, 

2.  Fineness  modulus  of  aggregates   (calculated  from  sieve  analysis), 

3.  Maximum  size  of  aggregate, 

4.  Unit  weight  of  fine,  coarse,  and  mixed  aggregates, 

5.  Plastic  condition  of  concrete   required  for  work,   as   represented 

by  the  slump  test, 

6.  Desired  compressive  strength  of  concrete  at  28  days, 

7.  Knowledge  of  cleanness  and  structural  soundness  of  aggregate. 


r/g.  / 

Ge/ot/on  of  S/^s  ancf  OraxMig  of  ^ggregafs 
■4nc^  Quantity  of  Cement  to  Strsnfftti  ofConcr-stG. 


t.e   SO  S.4    s.s   e.3  6.e   7.0       -a-.e    5.0   s.4-_    s.e    s.s  a^    7.0    y.s 
f/'neness     t^odu/us    of  Aggr-^ gate 


Metpiods  of  Test. 

The  tests  from  which  the  above  information  can  be  determined  can 
easily  be  made  in  the  field.  Only  a  brief  description  of  them  need  be 
given  here.  More  complete  details  may  be  found  in  the  "Proceedings" 
and  "Standards"  of  the  American  Society  for  Testing  Materials. 

.  Sampling  of  Aggregates.    It  is  of  utmost  importance  that  representa- 
tive samples  of   the   aggregates   be   selected   for  test.     Samples  for   sieve 
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analyses  should  be  selected  by  quartering  or  by  use  of  a  sampler.  For 
the  sieve  tests  on  fine  aggregate  a  500-gram  sample  should  be  used.  The 
weight  in  grams  of  the  sample  for  coarse  aggregates  should  be  about 
3000  times  the  maximum  size  of  particle  measured  in  inches. 

Sieve  Analysis.  The  sieve  analysis  should  be  made  in  accordance  with 
the  "Tentative  Method  of  Test  for  Sieve  Analysis  of  Aggregate  for  Con- 
crete" of  the  American  Society  for  Testing  Materials.  The  test  is  made 
by  determining  the  cumulative  percentages  finer  or  coarser  than  each  sieve, 

A  cojivenient  set  of  sieves  for  field  use,  consisting  of  No.  50,  16,  4  and 
%-in.  sieves,  can  be  made  to  nest  in  a  cylindrical  container  about  4i/^  in. 
in  diameter  and  12  in.  long.     The  percentages  for  the  omitted  sieves  may 

Table  I. — Sieves  for  Aggregate  Tests. 

Square-mesh  woven  wire  sieves. 


Sieve  Number  or  Size. 

Size  of  Square  Opening, 
inches. 

100 

0  0059 

50*                                                                                                           

0.0117 

30*.                                          •   .                                                       

0.0232 

16* 

0.0469 

8..::: ::: ; : : 

0.0937 

4 

0.187 

5^-in 

0.375 

%-m 

0.75 

l-in.* : 

1.00 

1  H-in 

1.50 

2-in.* 

2.00 

3-in 

3.00 

*  Sieves  No.  50,  30  and  16  are  identical  with  No.  48,  28  and  14,  used  in  earUer  reports  of  the  Structura  I 
Materials  research  Laboratory.  The  1-  and  2-in.  sieves  are  half-size  and  are  usually  omitted  from  our 
reports. 

be   obtained   by    interpolation    (arithmetically    or    graphically — preferably 
graphically),  with   sufficient  accuracy. 

Fineness  Modulus.  The  fineness  modulus  of  an  aggregate  is  the  sum- 
mation of  the  percentages  in  the  sieve  analysis  divided  by  100,  omitting 
the  l-in.  and  2-in.  sieves,  when  the  sieve  analysis  is  expressed  as  cumu- 
lative percents  coarser  than  each  sieve.  This  function  is  a  measure  ol 
the  grading  of  the  aggregate.  Its  use  in  the  calculations  for  proportions 
will  be   illustrated. 

Maximum  Size.  The  size  of  aggregate  to  be  considered  as  the  upper 
limit  is  determined  by  applying  the  following  rules: 

1.,  Not  less  than  15%  shall  be  retained  between  the  sieve  Avhich  is 
considered  as  the  maximum  size  and  the  next  smaller  sieve. 
2.    Only  the  sizes  given  in  Table  1  shall  be  considered. 
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Unit  Weight  of  Aggregate''''.  The  weight  of  aggregate  per  unit  volume 
is  determined  by  puddling  the  aggregate  into  a  cylindrical  measure  having 
height  equal  to  diameter,  with  a%-in.  round  rod  pointed  at  the  lower  end. 
For  sand,  a  measure  of  1-10  cu.  ft.  capacity  is  recommended.  For  coarse 
aggregate  and  mixed  aggregate  a  measure  of   %   cu.   ft.   is  recommended. 

Slump  Test.  The  slump  is  used  to  denote  the  plasticity  or  workability 
of  the  concrete.  The  method  of  making  this  test  is  described  in  the 
"Tentative  Specifications  for  Workability  of  Concrete  for  Concrete  Pave- 
ments," of  the  American  Society  for  Testing  Materials,  as  follows: 

"In  determining  workability,  the|  newly  mixed  concrete  shall  be  placed 
in  a  truncated  cone-shaped  metal  mold  12  in.  high,  8  in.  in  diameter  at  the 
base,  and  4  in.  in  diameter  at  the  tipp,  and  provided  with  handles  at  the 
sides.  The  concrete  shall  be  lightly  tamped  with  a  rod  as  it  is  placed 
in  the  mold  which,  when  filled,  shall  be  immediately  removed  and  the 
slump  or  settlement  of  the  concrete  noted." 

The  slump  is  the  settlement  in  inches  of  the  trvincated  cone  of  con- 
crete from  its  original  height  of  12  in. 

Cleanness  of  Aggregate.  It  is  assumed  that  the  aggregates  will  be 
clean;  that  is,  free  from  injurious  amounts  of  shale,  alkali,  organic  matter 
and  other  deleterious  substances.  The  test  for  organic  impurities  in  sands 
may  be  made  by  digesting  a  sample  in  a  3%  solution  of  sodium  hydroxide* 
and  observing  the  color  of  the  supernatant  liquid.  A  dark  color  indicates 
the  presence  of  such  quantities  of  organic  impurities  that  the  sand  should 
be  rejected,  or   subjected  to   rigid  tests  before  use. 

Calculation  of  Proportions. 

For  an  illustration  of  the  method  of  calculating  the  proportions  with 
the  aid  of  Fig.  1,  consider  the  following  problem:** 

With  fine  and  coarse  aggregates  of  the  characteristics  shown  in  Tables 
II  and  III,  let  us  determine  the  proportions  for  concrete  having  a  slump 
of  6  to  7  in.  and  a  compressive  strength  at  28  days  of  2000  lb.  per  sq.  in. 

The  application  of  the  rule  given  above  to  the  sieve  analysis  of  the 
pebbles  show  them  to  be  graded  up  to  l^/^  in.,  since  the  percentage  coarser 
than  the  next  smaller  size  (1  in.)  is  greater  than  15%.  Therefore,  the 
values  for  mix  and  maximum  permissible  fineness  modulus  are  read  on 
the  diagram  for  6  to  7  in.  slump,  from  ordinate  and  abscissa  correspond- 
ing to  the  point  fixed  by  the  intersection  of  the  contour  for  2000-lb.  con- 
crete with  that  for  aggregate  having  a  maximum  size  of  l^/^  in.  For 
these  conditions  a  mix  of  1 :  4.4  and  a  fineness  modulus  of  5.75  are  found. 

It  is  now  required  to  determine  the  proper  proportions  of  fine  and 
coarse  aggregate,  and  for  convenience  to  translate  the  mixture  expressed 


*See  "Standard  Method  of  Test  for  Unit  Weight  of  Aggregate  for  Con- 
crete."   A.    S.   T.    M.    Stanrlfirrts.    1921,    p.    639. 

*Sep  Proc.  Am.  Soc.  Testing  Mat.,  1921,  p.  585  ;  also  "Concrete  Highway 
Magazine,"  Fob.,  191S. 

**For  other  pxamplos  of  mcthorts  of  calculating  proportions,  see  "Applica- 
tions of  Abrams'  Water-Ratio  Theory  to  Proportioning  Concrete,"  Proc.  A.  C.  I., 
1920.- 
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in  terms  of  volumes  of  mixed  aggregate    (the  real  mix)    to  one  expressed 
in  terms  of  separated  aggregates    (the  nominal  mix). 

Since  we  know  the  fineness  moduli  of  the  fine,  coarse,  and  mixed 
aggregate,  the  ratio  of  fine  to  coarse  may  be  found  by  substitution  in 
the  following  simple  formula: 


Table  II. — Sieve  Analyses  of  Aggregate. 

The  sieves  were  of  square  mesh  wire  cloth  manufactured  by  the  W.  S.  Tyler  Company.  These  sieves 
are  recommended  by  the.  Bureau  of  Standards  and  used  in  the  "Tentative  Method  of  Test  for  Sieve 
Analysis  of  Aggregate  for  Concrete"  of  the  American  Society  for  Testing  Materials. 


Sieve  No. 

Size  of 

Square  Opening, 

inches. 

Amounts  Coarser  than  Each  Sieve, 
per  cent  by  weight. 

Sand. 

Pebbles. 

100 

0.0059 
0.0117 
0.0232 
0.0469 
0.0937 
0.187 
0.0375 
0.75 
1.00 
1.5 
Fineness  modulus  t 

99 
90 
61 
32 
18 
5 
0 

3.05 

100 

50* 

100 

30* 

16* 

8 

100 
100 
98 

4 

s^ 

95 
70 

34 

35 

1 ' 

17 

m 

0 

6.98 

*  The  clear  opening  of  sieves  No.  50,  30  and  16  are  identical  with  No.  48,  28  and  14  used  in  earlier 
reports  of  the  Structural  Materials  Research  Laboratory, 
t  Omitted  in  calculation  of  fineness  modulus, 
t  Sum  of  per  cents  in  sieve  analysis  divided  by  100. 

Table  III. — Miscellaneous  Data  of  Aggregate. 


Item. 


Unit  weight,  lb.  per  cu.  ft 

Organic  impurities,  by  colorimetric  test ■ 

Silt,  per  cent  by  weight 

Aggregates  appear  to  be  made  up  of  hard  particles  suitable  for  use  in  concrete. 


Pebbles. 


108 
trace 


where 


r  =  ratio  of  fine  aggregate  to  volume  of  fine  and  coarse  measured 

separately, 
m  =  fineness  modulus  of  mixed  aggregate, 
m^  ^=  fineness  modulus  of  coarse  aggregate, 
Wf  =:  fineness  modulus  of  fine  aggregate. 

Substituting  the  conditions  for  this  problem,  we  have 
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6.98  —  5.75       1.23 
r  z= — =1 =  0.31,   the    ratio   of   volume   of   fine   aggregate   to 

6.98  —  3.05       3.93 
volume  of  fine  and  coarse  measured  separately. 

In  order  to  translate  the  real  mix  to  the  nominal  mix,  it  is  necessary 
to  determine  the  unit  weight  of  the  aggregate  mixed  in  the  proportions 
of  31%  sand  and  69%  pebbles.  Assume  that  this  is  found  to  be  127  lb. 
per  eu.  ft.  To  determine  the  relation  which  the  volume,  of  mixed  aggre- 
gate bears  to  the  volume  of  sand  and  pebbles  measured  separately,  cal- 
culate the  volume  after  mixing,  of  1  cu.  ft.  of  fine  and  coarse  aggregate 
measured   separately,   as   follows : 

0.31   cu.   ft.    sand  =0.31X112=    34.8  lb. 

0.69  cu.  ft.  pebbles  =0.69X108=    74.8  lb. 

1.00  cu.   ft.   aggregate  measured  separately  =:  109.6  lb. 
or  0.86  cu.  ft.  of  mixed  aggregate. 
Dividing  4.4  by  the  ratio  0.86,  we  find  the  volume  of  separated  mate- 
rials for  one  volume  of  cement  to  be  5.1. 
The   volume   of   sand  =  0.31  X  5-1  =  1-58 
The  volume   of   coarse   aggregate  =  0.69  'X  5.\  ^=  3.52 
The  nominal   mix  is   therefore    1:  1.58:  3.52. 

Comparison  of  this  result  with  the  one  given  in  the  tables  of  "Pro- 
portions for  Concrete  of  Given  Compressive  Strength  at  28  days"  pub- 
lished in  the  1921  Progress  Report  of  the  Joint  Committee  on  Standard 
Specifications  for  Concrete  and  Reinforced  Concrete  shows  a  very  close 
agreement — the'  table  giving  a  mix  of  1:  1.7:3.4  for  these  conditions. 
This  slight  discrepancy  is  explained  by  the  fact  that  the  fineness  moduli 
of  the  aggregates  assumed  for  this  problem  are  somewhat  different  than 
those  used  in  the  tables  as  representing   average  conditions. 

The  proper  quantity  of  mixing  water  may  be  found  by  making  the 
slump  test  described  above.  For  these  conditions,  the  water-ratio  would 
be  about  0.90;  or  about  6%  gal.  of  water  per  sack  of  cement. 

The  quantity  of  materials  per  unit  volume  of  concrete  can  be  esti- 
mated from  the  weight  and  volume  of  materials  in  the  cone.  The  volume 
of  a  4x8xl2-in.  truncated  cone  is  0.217  cu.  ft.  Say  that  the  material 
in  the  cone  is  found  to  weigh  32.0  lb.  The  weight  per  cubic  foot  of  the 
concrete   would   therefore  be    148   lb. 

The  weight  of  concrete  produced  by  1  cu.  ft.  of  mixed  aggregate  is 
then  determined  as  follows : 

1  cu.  ft.  mixed  aggregate  =  127  lb. 

1 

■ cu.  ft.  cement  =  0.227  cu.  ft.  =    21.3  lb. 

4.4 

(Assuniing  cement  to  weigh  94  lb.  per  cu.  ft.) 
0.90x0.227  cu.   ft.  water  =  0.205  cu.   ft.  =    12.8  II). 

Total  =  160.1   lb. 
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One  cu.  ft.  of  mixed  aggregate  therefore  produces  1.08  cu.  ft.  of 
concrete.  This  value  (1.08)  is  referred  to  in  the  various  publications  cl 
this  Laboratory  as  the  "Yield."  It  may  be  used  readily  to  calculate  the 
quantities  of  materials  per  cubic  yard  of  concrete  as  follows: 

27  cu.  ft.  (1  cu.  yd.)  divided  by  1.08  gives  25  cu.  ff.  as  the  volume 
of  mixed  aggregate  per  cubic  j^ard  of  concrete;  and  25  divided  by  4.4 
gives  5.7  as  the  cubic  foot  of  cement  per  cubic  yard  of  concrete. 

25  cu.  ft.  of  mixed  aggregate,  produces  29  cu.  ft.  of  sand  and  pebbles 
measured   separately    ( see  above ) . 

The  volumes   of  separated  materials   are  as   follows : 

0..31  X  29  =    9.0  cu.  ft.  sand 
0.tl9  X  29  nz  20.0  cu.  ft.  pebbles. 

Precautions  to  be  Observed  in  the  Field. 

The  methods  of  applying  the  principles  outlined  above  in  the  field 
will  vary,  somewhat,  of  course,  with  the  conditions  on  the  job.  It  is  felr,, 
however,  that  a  few  general  precautions  to  observe  may  be  pointed  out 
which  will  be  of  value. 

The  calculations  for  the  proportions  are  based  on  volumes  of  dry 
aggregates  measured  by  puddling  in  a  measure.  Therefore,  the  relation 
between  the  volumes  .measured  in  this  way  and  the  method  employed  for 
the  large  batch  in  the  field  must  be  establislied.  A  simple  way  to  do  this 
is  to  calibrate  the  measuring  device  by  determining  the  average  weight 
of  its  contents  and  calculating  the  volume  of  materials  contained  in  it, 
with  proper  allowance  for  moisture  content.  For  example :  the  average 
wheelbarrow  load  of  sand  may  be  found  to  weigh  275  lb.  Say  the  sand 
contains  5%  of  moisture.  Then  the  net  weight  of  the  sand  is  262  lb. 
For  material  having  a  unit  weight  of  112  lb.  per  cu.  ft.  the  volume  of 
sand  in  this  case  is  2.3  cu.  ft.  This  calibration  should  be  checked  up  from 
time  to  time  as  the  conditions  of  the  aggregate  change.  For  larger 
measuring  devices,  where  it  is  not  practical  to  weigh  the  entire  contents, 
a  modification  of  this  method  may  be  used  with  sufficient  accuracy.  The 
corrected  cubical  contents  of  the  box,  hopper  or  other  measuring  device 
may  be  determined  by  multiplying  the  volume  of  the  container  by  the 
ratio  of  the  unit  weight  of  the  materials  measured  loose  and  in  the  con- 
dition in  which  they  are  used,  to  the'  unit  weight  determined  on  dry 
materials  by  puddling  in  a  suitable  measure.  The  moisture  content  must 
be   subtracted   from  the   apparent   weight   of   the   aggregate. 

The  quantity  of  water  for  the  batch  should  be  determined  by  making 
the  slump  test  on  concrete  from  the  mixer  batches.  In  this  way  the 
allowance  for  moisture  content  is  automatically  taken  into  account.     The 
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quantity   of  mixing  water   should  be   changed   from   time   to  time   as   the 
moisture   content   of   the   aggregate   changes. 

Concluding  Remarks. 

I  believe  that  the  economy  which  may  be  effected  by  the  use  or 
intelligent  methods  of  proportioning  far  overbalance  the  expense  involved 
in   applying   such   methods. 

In  closing  I  wish  to  acknowledge  our  indebtedness  to  The  W.  S. 
Tyler  Company,  of  Cleveland,  for  furnishing  sieves  and  other  apparatus, 
and  to  Mr.  W.  B.  Newberry,  of  the  Sandusky  Portland  Cement  Com- 
pany, for  arranging  the  concrete  materials,  scales,  balances,  etc.,  used 
in  the  demonstration. 
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REGULATIONS  GOVERNING  THE  FORM  BUT  NOT  THE  SUB- 
STANCE OF  STANDARDS.* 

Application  1.  APPLICATION — These  regulations  shall  be  retroactive  with  respect 

to  all  existing  standards.  Standing  Committees  shall  m.ake  an  earnest  effort 
to  comply  with  them.  Departures  therefrom  shall  not  be  made  by  Standing 
Committees  except  on  what  they  believe  to  be  strong  grounds,  and  then  only 
after  consultation  with  the  Committee  on  Form  of  Standards.  In  case  of  a 
disagreement  with  the  Committee  on  the  form  of  standards,  the  matter  shall 
be  referred  to  the  Advisory  Committee,  whose  decision  shall  be  accepted. 

2.  ARRANGEMENT  OF  ilOr^/iJML.— The  arrangement  of  material 
and   the  designation  of  sub-titles,   etc.,    shall    conform    in    general    to   the 
'  following: 

I.     General.     (Sub-title.) 

(B)  \  (Principal  sections  under  sub-title.) 

(C)) 

(a),  (6),  (c),  {d),  etc.  (Sub-divisions  of  a  section.  Lettering  to 
run  consecutively  throughout  one  sec- 
tion only.) 

II.     Materials. 

{A) 
(B) 
etc. 

III.  Design. 

IV.  Dimensions,  Weights,  Etc. 

'  V.  Construction  and  Manufacture. 

VI.  Workmanship. 

VII.  Special  Requirements. 

VIII.  Packing,  Marking  and  Shipping. 

IX.     Inspection  and  Tests. 
Sub-titles  that  do  not  apply  to  any  given  standard  may  be  omitted. 


*  These  regulations,  drawn  up  by  American  Concrete  Institute  Committee  G-3  on  Form 
of  Standards,  conform  in  general  to  tiiose  already  adopted  by  the  American  Society  for  Testing 
Materials.  They  have  been  approved  by  the  Board  of  Direction  of  the  Institute  as  a  means  of 
attaining  uniformity  in  Institute  Standards  in  respect  to  form  only  and  are  thus  issued  for  the 
guidance  of  Institute  Committees. 

( 192 ) 
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3.  NUMBERING   PARAGRAPHS.— Individu&l   paragraphs    in    each  p^^Tgra'phf 
standard  shall    be  numbered    consecutively,    irrespective    of    sub-divisions 

under  which  they  appear. 

4.  MARGINAL  HEADINGS— Some    descriptive    word    or    heading  ^^lf^^[ 
should  be  placed  in  the  margin  opposite  each  numbered  paragraph,  briefly 
indicative  of  the  subject  matter. 


5.  UNITS  OF  MEASUREMENT— Weights  and  measures    shall  be  Units  of 


expressed  in  the  English  System, 
Fahrenheit. 


Temperature  shall  be  expressed  in  degrees 


Measurement. 


6.  ABBREVIATIONS— When  abbreviations  are  used  they  shall  con-  Abbreviations, 
form  to  the  following: 

The  policy  should  be  to  abbreviate  too  little  rather  than  too  much. 
Terms  which  seldom  occur  should  in  general  not  be  abbreviated. 


(a)   Units  of  Length. 

Foot..... ft. 

Inch in. 

Linear lin. 

Meter spell  out 

Mile spell  out 

Yard yd. 

(b)   Units  of  Area. 

Square sq. 

Square  foot sq.  ft. 

Square  inch sq.  in. 

(c)  Units  of  Volume. 

Barrel .bbl. 

Bushel bu. 

Cubic cu. 

Gallon .gal. 

(d)  Units  of  Weight. 

Ounce oz . 

Pound lb. 

Ton spell  out 

(e)   Units  of  Time. 

Afternoon "Tp.  m. 

Day spell  out 

Forenoon a.  m. 

Hour "-....  .hr. 

Minute min. 

Month spell  out 


(e)  Units  of  Time. 

Second .sec. 

Week spell  out 

Year spell  out 

(/)   Units  of  heat. 

Degree ° 

Fahrenheit F. 

(g)  Miscellaneous  Technical  Terms. 

Birmingham  wire  gage B.  w.  g. 

Browne  &  Sharpe  (gage) . . .  .B.  &  S. 

Chemically  pure c.  p. 

Degree  (angular  measure) . . .  deg. 

Diameter spell  out 

Revolutions  per  minute r.  p.  m. 

Specific  gravity sp.gr. 

Tensile  strength tens.  str. 

United  States  (gage) U.  S. 

(h)  Miscellaneous  General  Terms. 

Figure Fig. 

Number No. 

Per spell  out 

Per  centum per  cent 

Proceedings Pro. 

Plate spell  out 

Table spell  out 

Transactions Trans. 

Volume Vol. 
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Abbreviations.  (i)  Use  abbreviations  only  after  nouns  denoting  a  definite  quantity, 
except  in  tabular  work.  For  example:  "The  tensile  strength  is  45,000 
lb.  per  sq.  in.";  but  "The  tensile  strength  in  pounds  per  square  inch  is " 

(j)  When  terms  are  used  in  an  abstract  or  descriptive  sense,  they  shall 
not  be  abbreviated.  "The  work  should  be  done  in  the  forenoon" ,  not  "in  the 
a.m." 

(k)  Use  a  period  after  each  abbreviation,  except  after  per  cent,  and  as 
noted  in  sub-division  (m). 

(l)  All  abbreviations  shall  be  used  in  the  singular.     Thus,  "two  inches" 
'  shall  be  abbreviated  "2  in.";   not  "2  ins." 

(m)  Compound  Words. — The  abbreviations  for  compound  words,  when 
used,  shall  be  formed  by  connecting  the  abbreviations  of  the  separate  words 
of  a  hyphen,  and  omitting  the  period  preceding  the  hj^phen.  Thus,  "ft-lb., 
in-lb." 

(n)  Symbols. — Avoid  the  use  of  symbols.  Do  not  use  (')  or  (")  in  either 
text  or  tables;  their  use  is  permissible  in  illustrations.  The  symbol  (%) 
shall  not  be  used  in  the  text,  but  m.ay  be  used  in  tables  when  lack  of  space 
requires  it. 

(o)  The  word  "percentage"  shall  be  used  when  not  following  a  number. 
Thus,  "the  percentage  of  reinforcement  shall  be";  not  "the  per  cent  of  rein- 
forcement shall  be."     But,  "0.77  per  cent  of  reinforcem.ent." 

■  (p)  In  expressions  like  the  following,  omit  the  degree  mark  after  the 
first  figure:  "75  to  80°  F."  In  a  table  heading,  use  "Temperature,  deg. 
Fahr." 

iq)  In  expressing  dimensions,  use  the  following  form:  "2  by  4  in.  in  sec- 
tion;"  not  "2  X  4  in.  in  section,"  nor  "2  in.  by  4  in.  in  section." 

(r)  Spell  out  the  names  of  the  months:  as,  "January  25."  Do  not  use 
the  form  "January  25th."  ' 

(s)  In  text,  do  not  abbreviate  "namely"  and  "that  is". 

(t)  Spell  out  names  of  companies,  railroads,  etc.,  using  the  ampersand 
(&)  only  between  proper  names.  Abbreviate  "Company"  in  firm  names. 
For  example;  "Brown  &  Sharpe  Manufacturing  Co.,"  "Philadelphia  &  Read- 
ing Railway  Co.";    but,  "American  Steel  and  Wire  Co." 

Numerals.  7.  NUMERALS. 

(a)  Roman  numerals  should  be  used  in  designating  tables  and  plates: 
thus,  "Table  VI";  not  "Table  6."  Arabic  numerals  should  be  used  in 
designating  figures:  thus,  "Fig.  3";   not  "Fig.  III." 
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(fe)  Spell  out  all  numbers  from  one  to  twelve,  with  the  following  excep-  Numerals, 
tions : 

1.  Use  numerals  when  the  quantity  is  partly  or  wholly  fractional: 
as,  1.15,  I2)  3. 

2.  Use  numerals  when  followed  by  an  expression  having  a  standard 
abbreviation:  as,  1  in.,  6  lb.,  etc.;  except  where  the  statement  is  vague 
in  nature,  in  which  case  neither  numerals  nor  abbreviations  shall  be  used: 
as  "about  six  pounds,  etc. 

3.  If  for  any  reason  the  standard  abbreviation  of  the  expression  fol- 
lowing the  number  is  not  used,  or;  if  the  expression  does  not  admit  of 
abbreviation  (as  mile,  ton,  etc.)  the  use  of  numerals  shall  be  optional, 
unless  covered  in  the  following  paragraphs. 

4.  In  contrasted  statements,  if  some  numbers  must  be  numerals,  use 
numerals  for  all,  as  "2  miles  and  16  miles." 

5.  In  a  series  of  connected  numerical  statements  implying  precision, 
use  numerals:  as,  "2  years,  5  months,  3  days."  The  use  of  numerals 
(especially  the  "  1 ")  is  not  recommended  for  numbers  occurring  in  precise 
statements  similar  to  the  following:  "By  connecting  the  two  columns", 
"shall  consist  of  two  bars." 

6.  Use  numerals  after  abbreviations,  as,  Vol.  6,  Fig.  2,  etc. 

(c)  Use  numerals  for  all  numbers  exceeding  twelve,  with  the  following 
exceptions : 

1.  Do  not  begin  a  sentence  with  a  numeral. 

2.  Round  numbers  used  in  an  indefinite  sense  shall  be  spelled  out; 
as,  "A  hundred  feet  or  so,"  etc. 

3.  Nimabers  shall  be  spelled  out  when  used  in  the  following  manner: 
"fifteen  1-in.  rods,"  etc.       " 

(d)  In  decimal  numbers  having  no  units,  a  cipher  shall  be  placed  before 
the  decimal  point:  as,  "0.65  in.";  not  ".65  in." 

(e)  In  expressing  percentages,  precise  figures,  etc.,  use  decimals:  as,  "4.5 
per  cent";  not  "43^  per  cent." 

(/)  Omit  unnecessary  ciphers  in  sums  of  money,  as,  "$3";  not  "$3.00." 

ig)  In  pointing  off  numbers  of  more  than  four  figures,  use  commas  in 
the  text  (1,234,567)  and  spaces  in  tabular  matter  (1.234  567).  Numbers  of 
four  figures  shall  not  be  pointed  off  in  either  text  or  tabular  matter  (1234), 
except  when  they  occur  in  a  table  containing  any  number  of  m.ore  than  four 
figures. 

(h)  Always  use  numerals  for  the  day  of  the  month  when  the  month  is 
given  (January  25,  1913)  and  for  the  time  of  day  (2.30  p.  m.). 
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Spelling  and 
Punctuation. 


8.  SPELLING  AND  PUNCTUATION. 

(a)  Simple  Words. — The  following  spelling  shall  be  used: 


agmg 

briquette 

center 

crystallin 

disfc 

embed 

&her 


formulas 

fulfil 

gage 

gasolme 

nisure 

mold 

oxide 


paraffin 

program 

reinforced 

skiKful 

sulfur 

turpentine 


(b)  Compound  Words. — The  following  spelling  shall  be  used: 

Spell  with  hyphen. 

cold-rolled  one-half 

cross-section  open-hearth 

Spell  without  hyphen  when  used  as  noun. 

cast  iron  testing  machine 

plaster  of  Paris  wrought  iron 

Spell  as  one  word. 

cooperate  quicklime 

eyebar  reroU 

fireproof  retest 

footnote  reweigh 

(c)  Conipound  adjectives  shall  be  hyphenated;  as,  "2-in.  gage,"  "cast- 
iron  cylinder."  Such  expressions  as  the  following  shall  be  written  without 
the  hyphen  after  the  first  numeral:   "2  and  6-in.  specimens." 


Capitals.  9.  CAPITALS. 

(a)  ^e  capitals  sparingly. 

(6)  Capitalize  the  principal  words  in  headings,  titles  of  books,  papers, 
etc.  (nouns,  verbs,  adjectives  and  adverbs). 

(c)  Use  capital  initial  "C"  for  "committee"  when  used  as  a  title:  thus, 
"Committee  on  Organization,"  "Committee  on  Papers."  In  all  other  cases 
use  lower-case  "c";   thus,  "The  committee  recommends     " 

(d)  Use  capital  initial  "B"  for  Bessemer;   lower-case  "p"  for  portland. 

(e)  Use  initial  capitals  in  reference  to  volumes,  figures,  plates,  etc.:  as, 
Vol.  6,  Fig.  2,  Plate  VI,  Table  III. 


(/)  Use  the  form  "test  No.  1,"  "specimen  A,"  etc. 
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10.  STANDARD  TERMS  AND  FORMS  OF  EXPRESSION.  fS'a^nd 

(a)  Use  "shall"  wherever  the  standards  are  to  be  made  binding  on  parties  Expression, 
of  the  first  or  second  part. 

(6)  Use  "will"  wherever  the  standards  are  intended  to  express  a  declara- 
tion of  purpose  not  mandatory  upon  the  parties  of  the  first  or  second  part. 

(c)  Use  "may"  wherever  the  standards  provide  definitely  for  alternative 
courses. 

(d)  Use  "full-size  tests";   not  "full-sized  tests,"  etc. 

'(e)  Use  "gage  length";   not  "gaged  length." 

(J)  Use  "test  specimen"  not  "test  piece."  In  case  the  term  "test  speci- 
men" is  repeated  several  times  in  the  same  section,  the  word  "specimen" 
may  be  used  after  the  first  use  of  "test  specimen." 

(g)  Use  "f  in.  or  over  in  thickness";   not  "|  in.  and  over." 

(h)  In  referring  to  dimensions,  use  simply  "2  in.";  not  "two  inches 
(2  in.),"  or  "two  (2)  inches." 

(i)  Use  the  form  "without  cracking"  in  referring  to  bend  tests  of  metals; 
not  "without  sign  of  cracking." 

(j)  Use  "reduction  of  area";  not  "reduction  in  area"  or  "contraction 
in  area." 

11.  FOOTNOTES.  Footnotes. 

(a)  Use  superior  figures  instead  of  asterisks,  etc.,  except  in  connection 
with  numerals,  for  which  use  letters. 

(6)  The  names  of  journals,  proceedings,  bulletins,  etc.,  shall  be  printed 
in  italics,  without  quotation  marks;  the  titles  of  papers  and  reports  should 
be  printed  in  Roman  and  enclosed  in  quotation  marks. 

(c)  Abbreviate  the  names  of  societies. 

(d)  When  reference  is  made  to  a  paper  or  report  by  title,  only  the  initial 
page  should  appear  in  the  footnote.     Thus: 

(Name  ?f. Author) ^   u (Title  of  Paper) ^»  Proceedings, 

Am.  Cone.  Inst.,  Vol.  XVI,  p.  283  (1920). 

When  such  titles  are  not  given,  or  when  reference  is  made  to  certain 
parts  of  papers,  reports,  etc.,  page  numbers  should  be  indicated,  as  follows: 

Engineering  News-Record,  March  10,  1921,  pp.  412-414. 

(e)  When  volume  numbers  are  given,  the  year  of  pubUcation  shall  appear 
in  parentheses  at  the  end  of  the  footnote.  Otherwise,  the  date  of  publication 
should  appear  immediately  after  the  name  of  publication.  (See  above 
examples.) 


REPORT   OX  COMMITTEE   E-^,   ON   RESEARCH 
The  work  assigned  to  the  committee  is  as  follows : 

1.  Program  of  tests  of  concrete  mixers. 

2.  Report  on  data  available  as  to,  and  on  what  fvirther  investi- 
gation would  be  necessary  to  determine,  the  effect  of  admixtures  in 
concrete. 

3.  Report  on  data  available  as  to  "surface  area,"  "fineness 
modulus"  and  "water-ratio"  theories  in  the  design  of  concrete  mixes. 

4.  Review  and  list  important  developments. 

5.  In  conjunction  with  Committee  on  Reinforced  Concrete,  an 
investigation  be  outlined,  partly  laboratory  and  partly  on  construc- 
tion work,  to  throw  more  light  upon  the  selection  of  aggregates,  the 
proportioning  of  concrete,'  the  etlect  of  time  of  mixing,  effect  of  water 
content,  etc.,  all  of  which  will  aid  the  committee  and  members  of 
the  Institute  in  passing  upon  the  problem  of  specifying  concrete  by 
strength..  On  August  19  Mr.  Whipple  suggested  that  the  A.  C.  I. 
Committee  C-6,  on  Field  'Methods,  N.  M.  Loney,  chairman,  is  inter- 
ested, and  that  Messrs.  Ford  (E-1),  Loney  (C-6),  and  Hatt  (E-3), 
confer  upon  this  problem. 

Assignments   of   Suh-Committees: 

1.  Program  of  tests  of  concrete  mixers  assigned  to  sub-commit- 
tee. Slater,  Abrams  and  Hatt. 

2.  Admixtures  in   concrete;    Abrams,   Pearson  and  Hollister. 

3.  Theory  of  proportioning  concrete;  Talbot,  Abrams  and  Young. 

4.  Account  of  current  investigations ;   Pearson  and  Hatt. 

5.  The  application  of  methods  of  control  to  field  conditions ; 
consistency  tests;  proportioning;  making  of  field  specimens;  among 
other  things  to  report  upon  the  relation  of  strength  of  field  cylinders 
to  cores  ciit  from  the  work;  S.  C.  Hollister  and  A.  R.  Lord  to  repre- 
sent Committee  on  Research  in  discussion  of  this  topic  with  Com- 
mittee C-6,  on  Field  Methods. 

1.    Program  of  Test  of  Concrete  Mixers: 

The  attached  program  of  tests  of  concrete  mixers  was  drafted 
by  Prof.  Abrams  and  discussed  by  correspondence.  It  is  not  sup- 
posed that  a  complete  program  such  as  this  would  be  undertaken;  but 
that  the  number  of  groups  and  items  wovild  be  lessened  when  an 
investigation  is  placed  under  oi^eration.  Six  different  types  of  mixers 
are  indicated  by  letters. 

Group  1:  Determines  the  effect  of  time  of  mixing,  using  pebbles 
as  the  coarse  aggregate  and  a  relative  consistency  of  1-10. 

Group  2:  Studies  the  action  of  the  mixer  on  concrete  of  varying 
consistency. 

(198) 
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Group  3 :    Studies  the  mixer  action  on  various  aggregates. 
Group    Jf :     Provides   mixers   of   a   selected   type   but   of   varying 
capacity. 

Group  5:  Studies  the  sequence  of  charging  the  various  materials. 
So  far  as  is  known  now  the  best  results  are  obtained  by  an  early 
admission  of  the  water. 

Group  6:  Examines  the  action  of  continuous  mixers  of  improved 
types. 

The  purpose  of  such  an  investigation  is  to  determine  the  optimum 

"  conditions  of  operation  of  the  mixer  in  producing  well  mixed  concrete 

economically.      Suggestions    for    improvement    in    individual     mixers 

might  be  expected  to  result  from  the  tests.    The  fundamental  idea  is 

not  that  of  a  horse  race. 

The  investigation  should  be  at  a  central  point  where  uniform 
aggregate  could  be  stored  and  kept  at  constant  moisture  content;  and 
from  which  the  concrete  could  be  taken  in  motor  trucks  to  a  point 
of  useful  construction,  from  which  cores  could  be  cut  later. 

The  mixer  should  be  electrically  operated  and  measurements  of 
power   input  made. 

Such  an  investigation  requires  a  large  operating  force  of  work- 
men, observers  and  other  technical  assistants,  whose  time-program 
would  be  economically  disposed  when  several  mixers  are  under  test 
one  after  the  other.  The  various  mixers  should  be  interspersed  in  the 
program  of  operation. 

It  is  believed  that  the  entire  contents  of  the  mixer  should  be  dis- 
charged at  once,  and  that  the  mixer  should  not  be  robbed  of  samples 
during  a  run.  At  least  two  batches  of  concrete  should  be  mixed  for 
any  one  condition  on-  the  program. 

2.  Admixtures  with  Concrete: 

The  committee  has  no  report  to  make  upon  this  topic. 

3.  Theory  of  Proportioning  Concrete: 

Some  discussion  by  correspondence  has  been  had  concerning  the 
theory  of  proportioning  concrete  mixes.  It  is  to  be  hoped  that  a 
review  of  the  present  knowledge  upon  this  subject  will  determine  what 
elements  will  be  truly  predictive  of  the  strength  of  the  mixed  con- 
crete. Such  investigations  should  also  include  the  examination  into 
the  success  with  which  the  various  methods  have  been  attended  when 
applied  commercially,  the  difficulties  encountered  in  their  use  and 
the  modifications,  if  any,  required  to  make  them  practical;  also  the 
effect  of  these  on  the  cost  of  the  work. 

It  is  hoped  that  this  subject  will  be  continued  next  year  and  the 
sub-committee  instructed  to  bring  in  a  report  for  the  1923  meeting. 
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II.    Account  of  Current  Investigations : 

There  is  appended  to  this  report  a  list  of  investigations  which 
are  current  insofar  as  the  committee  lias  been  able  to  learn  of  these 
through  correspondence.  This  list  is  presented  as  a  matter  of  informa- 
tion for  the  use  of  the  various  committees  of  the  American  Concrete 
Institute,  who  mvist  form  their  conclusions  upon  the  basis  of  scientific- 
ally determined  data. 

Attention  is  called  to  a  more  thorough  census  of  research  and 
research  works  which  is  now  in  operation  through  the  National  Re- 
search  Council   and  the  Bureau  of  Pulilic  Roads. 

General  Comment  on  Research. 

Perhaps  it  will  be 'useful  to  define  what  is  included  under  the  term 
'■'research."  The  following  paragraphs  are  advanced  in  the  absence  of  more 
perfect  definitions : 

Discussion   of  Qualities  of  Research: 

1.  Research  work  may  be  in  industrial  fields  with  a  definite  aim 
or  in  pure  science  without  thought  of  particular  use. 

2.  The  research  may  lie  in  the  field  of  any  branch  of  knowledge 
that  is  treated  in  a  scientific  spirit,  including,  of  course,  the  natural 
sciences,  but  not  excluding  mathematics,  history,  economics  and 
medicine. 

3.  The  method  may  be  by  logical  deduction,  based  upon  natural 
phenomena,  and  always  referenced  thereto,  or  by  induction  using  the 
methods  of  modern  experimental  science,  both  to  discover  new  facts 
or  uncover  underlying  laws,  or  the  determination  of  the  mechanism 
by  which  one  event  follows  another,  resulting  in  a  substantial  addi- 
tion to  the  existing  body  of  knowledge. 

4.  The  qualities  by  which  true  research  are  known  are,  earnest- 
ness, devotion,  diligence  and  system,  and,  in  highest  form,  original 
and  creative  work. 

5.  Recognition  should  be  given  to  skill  and  initiative  in  devising 
suitable  methods  and  apparatus  for  use  in  observations,  and  care  and 
devotion  shown  in  diflicult  observations,  skill  in  arranging  and  inter- 
preting data,  or  forming  generalizations  upon  them. 

6.  The  result  should  be  the  discovery  of  something  hitherto 
unknown.  j 

The  following  are  activities  and  workers  not  considered  as 
research. 

1.  The  work  of  the  mere  routine  workers  without  initiative  or 
responsibility. 

2.  The  manual  operations  of  the  mere  mechanic. 

3.  The  work  of  the  merely  critjciil  and  negative  mind. 

4.  Purely   regulatory   functions. 
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5.  Those  Avith  only  an  amateurish  and  discontinuous  interest  in 
research. 

6.  Those  with  only  the  acquisitions  of  the  learned  scholar,  who 
may  have  absorbed  the  results  of  research. 

7.  Inventors,  unless  they  are  scientists. 

Recent  Developments. 

A  growing  interest  in  research  is  evidenced.  The  Advisory  Board  on 
Highway  Research  of  the  Division  of  Engineering  of  the  National  Research 
Council,  has  secvired  a  director  who  has  been  active  since  July  studying 
the  field,  organizing  a  general  program  of  highway  research,  and  making 
contact  with  the  highAvay  commissions  of  the  several  states  and  the  other 
fruitful  sources  of  research  data.  The  term  "highway  research"  indicates 
that  the  program  includes  not  only  road  construction  but  the  traffic  and 
its  relation  to  the  road  in  both  mechanical  and  economical  relations. 

The  Society  of  Automotive  Engineers,  which  represents  the  technical 
branch  of  the  automobile  and  truck  industry,  has  established  a  research 
department  under  the  direction  of  Dr.  H.  C.  Dickinson,  formerly  of  the 
Bureau  of  Standards. 

Especial  mention  should  be  made  of  the  research  activities  of  the 
Bureau  of  Public  Roads.  The  magazine  "Public  Roads,"  published  by  the 
bureau,  was  rapidly  becoming  a  magazine  of  highway  research  when  a 
blanket  order  of  Congress  temporarily  discontinued  its  publication. 

The  recently  organized  committee  on  research  of  the  Am.  Soc.  C.  E., 
and  the  Western  Society  of  Engineers,  give  promise  of  increased  activity 
in  the  study  of  most  effective  channels  by  which  research  will  come  to 
useful  application,  and  workers  will  be  stimulated  and  supported. 

The  training  of  selected  research  talent  is  a  crying  need;  for  if  all 
the  research  projects  of  undoubted  value  are  adequately  financed,  the  per- 
sonnel to  conduct  these  projects  would  be  wanting.  Recognition  of  the 
special  function  of  research  in  state  and  federal  organizations,  in  industry 
and  in  the  universities,  and  a  provision  for  compensation  which  will  attract 
men  of  research  talent,  will  in  time  build  up  a  personnel.  This  word 
research  occurring  now  so  frequently  in  the  general  and  technical  press, 
indicates  the  education  of  the  public  to  the  value  of  that  form  of  acitivity. 
Particularly  in  the  highway  field,  it  is  clear  that  we  should  as  soon  as 
possible  come  out  from  the  field  of  opinion  and  bring  highway  engineer- 
ing and  highway  operation  to  the  basis  of  scientifically  determined  data. 

It  is  needless  to  comment  upon  the  economics  to  be  effected  by  research. 
At  even  fractional  percentages  the  dividends  will  be  enormous,  s  The  money 
to  be  spent  in  highway  construction  in  the  United  States  in  the  next  few 
years  is  somewhere  between  one  and  two  billions  of  dollars,  and  a  much 
larger  sum  of  costs  of  operation  in  the  inefficient  motor  vehicles  that  travel 
over  them.  In  comparison  the  sums  spent  in  research  are  meager.  This 
is  well  recognized.  What  is  needed  now  is  a  drive  to  translate  the  will 
for  research  into  action  in  the  form  of  appropriations,  and  to  train 
research  workers. 
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The  best  center  of  information  for  the  research  workers  as  concei-ns 
their  common  interests  appear  to  be  in  the  National  Rese'arch  Council. 
Additional  organizations  and  committees  for  research  should  orient  them- 
selves to  the  purposes  of  this  central  clearing  house  for  national  and 
international   research. 

Attention  is  called  to  three  notable  instances  of  research  on  a  large 
scale,  namely,  the  Bates  road  near  Springfield,  Illinois,  the  Pittsburgh 
test  road  north  of  San  Francisco,  Cal.,  and  the  investigations  of  the 
Bureau  of  Public  Roads.  These  three  investigations  probably  represent  an 
expenditure  in  construction  and  operating  costs  of  nearly  one-half  million 
dollars  to  date.  These  investigations  have  each  a  definite  aim  through 
scientific  procedure. 

Structure  of  Committee  Organizations. 

The  new  interest  in  research  is  not  unattended  by  complications  with 
respect  to  a  growing  complexity  of  committee  organization.  There  is  much 
to  be  gained  when  individual  researchers  work  independently  on  the  same 
problem,  but  only  a  loss  when  committees  duplicate  their  functions.  A 
confusion  only  exists  when  various  committees  of  different  organizations, 
or  in  the  same  organization,  send  out  questionnaires  seeking  information 
and  inquire  into  the  progress  of  research.  The  individual  research  worker 
may  be  bewildered  by  the  independent  approach  of  so  many  different  com- 
mittees, and  pray  to  be  protected  from  his  friends. 

It  is  suggested  that  a  useful  task  would  be  performed  if  a  census  be 
made  of  the  various  committees  of  the  several  technical  societies  to  deter- 
mine the  distribution  of  personnel  and  the  overlapping  fields  of  efl'ort. 
The  organizations  concerned  would  probably  include  the  American  Society 
of  Testing  Materials,  the  American  Railway  Engineering  Association, 
American  Association  of  State  Highway  Officials,  American  Concrete  In- 
stitute, American  Society  of  Civil  Engineers,  and  committees  of  the 
Advisory   Board   on  Highway  Research. 

Researches  Recommended  for  Early  Prosecution. 

The  committee  has  received  from  various  sources  suggestions  for  those 
research  projects  whjch  seem  to  be  of  immediate  importance,  and  these 
have  been  listed  below: 

Structures     ( Submitted  by  Mr.  W,  A.  Slater )  : 

1.  Bond  between  steel  and  concrete. 

(a)  Tests    of   beams   so   designed   that   failure   will   be   by   bond 
and   so  laid  as  to  indicate  the  upper  limits. 

(b)  Tests  laid  out  in  such  a  way  as  to  determine  the  character- 
istics  of   a  proper   deformed   bar. 

2.  Effectiveness  of  various  methods  of  anchoring  reinforcing  bars. 

3.  Further  tests  of  columns  to  determine  as  to: 
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(a)  Effectiveness  of  various  percentages  (especially  large  per- 
centages) of  longitudinal  reinforcement  in  combination  with 
various   percentages   of   spiral. 

(b)  Eifect  of  long  continued  load  (especially  under  conditions  to 
bring  out  effect  of  shrinkage)  on  distribution  of  stress  be- 
tween steel  and  concrete  and  on  ultimate  strength  of  columns. 

(c)  Effect  of  introducing  varying  known  amounts  of  bending 
moment  into  columns  under    (a)    and    (b). 

4.  Suitability  of  various  grades  of  steel  (structural,  intermediate, 
hard,  and  rerolled  bars)  as  reinforcement  together  with  a  study 
of  the  proper  methods  of  testing  to  determine  specifications  for 
reinforcement. 

5.  Tests  of  slabs  supported  on  beams  on  four  sides  with  and  without 
intermediate  girders.  This  field  should  be  investigated  as  fully  as 
the  flat  slab  has  been  investigated  and  should  be  approached  more 
methodically  than  the  flat  slab  was  approached.  We  believe  this 
investigation  can  be  carried  out  at  much  less  expense  than  has 
been  the  case  with  the  flat  slab. 

6.  A  study  of  the  behavior  of  columns  in  structures  in  which  the 
slabs  carried  by  the  columns  are  loaded  so  as  to  put  heavy, 
direct  and   bending   loads   on   the   columns. 

7.  Investigation  of  loads  actxially  in  place  on  a  large  number  of- 
floors  together  with  loads  for  which  the  same  buildings  were 
designed. 

8.  Determination  of  relative  effectiveness,  in  producing  stress,  of 
loads  applied  definitely  at  points  as  in  laboratory  tests  and  of 
loads  applied  by  piling  various  kinds  of  loading  materials  upon  a 
floor. 

9.  Slabs  supported  on  four  sides  built, 

(a)  Of  reinforced   concrete   alone; 

(b)  Of  tiles  and  concrete  ribs. 

Materials: 

1.  Effect  of  very  fine  particles  such  as  limestone  dust  in  aggregates 
on  the  strength  and  permanence  of  concrete. 

2.  Engineering  and  economic  relation  between  pit-run  gravel  and 
plant-produced   aggregates. 

3.  The  design  of  deformed  bars. 

4.  The  relative  value  of  structural  and  high  carbon  steel  for  struc- 
tural  and  temperature  reinforcing. 

5.  The     manufacture     of     blast     furnace     slags     to     yield     improved 
•      aggregates. 

Testing  and  Design  of  Materials: 

1.  The  study  of  methods  for  determining  consistency,  including 
calibration  and  standardizing  of  the  flow  table. 
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2.  Development  of  a  hardness  test  for  gravel  aggregates. 

3.  Methods  of  field  testing  of  concrete,  especially  the  development  of 
a  small  sized  suitable  testing  machine. 

4.  An  index  of  the  quality  of  aggregates.  Can  the  proportions  of  the 
material  determined  from  mechanical  analysis  be  designed  to  pro- 
duce concrete  of  desired  workability  and  strength  without  actual 
strength   tests? 

5.  Effect  of  water  cement  ratio,  -gradation  of  aggregate,  etc.,  on 
properties   other   than  the   compression  test. 

6.  The  analysis  of  existing  data  to  determine  what  further  test  need 
to  be  .made  for  determining  the  validity  of  the  several  tlieories 
advanced  for  the  design  of  concrete  mixtures  such  as  fineness 
schedule,  surface  area  and  voids.    ■ 

7.  A  study  of  field  conditions  to  determine  the  extent  to  which  precise 
laboratory  control  of  moisture,  gradation  of  aggregate  and  lab- 
oratory technique  can  be  duplicated  in  the  field.  In  other  words, 
the  degree  to  which  construction  work  can  be  regulated  to  secure 
uniformity  of  the  manufactured  concrete. 

8.  The  use  and  means  of  improvement  of  low  grade  aggregates. 

9.  The  strength  of  easily  flowing  concrete  determined  from  cores 
bored  from  the  finished  work. 

10.  The  value  of  integral  water -proofing  substances,  as  shown  by  the 
quality  of  cores  bored  from  construction  made  under  field 
conditions. 

11.  Effect  of  hardeners  and  accelerators  on  the  properties  of  mortar 
and  concrete. 

12.  Study  of  the  most  economic  methods  of  curing  concrete. 

13.  Test  of  concrete  under  repeated  and  reversed  stresses  to  determine 
the  per  cent  of  ultimate  stress  that  can  be  applied  indefinitely. 

14.  Study  of  the  optimum  condition  of  operation  of  various  concrete 
mixers,  and  of  the  improvements  in  the  action  of  machine  mixers. 

16.  Methods  of  giving  added  plasticity  to  Portland  cement  for  interior 
use  in  plastering,  etc. 

Design : 

1.  Study  of  the  design  of  plain  concrete  road  slabs  of  different  thick- 
nesses and  with  inverted  curbs,  etc. 

2.  Study  of  the  manufacture  and  use  of  precast  slabs. 

3.  Study  of  the  theory  and  practice  of  reinforcement  of  concrete  foad 
slabs,-  including   the   economics   of   construction   and   maintenance. 

4.  The  implications  of  the  plastic  floM'  pf  ^sjjt  concrete  upon  the  design 
of  reinforced-concrete  structures. 
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Development  of  the  most  economic  form  of  slab  floor  for  concrete 
houses  and  specification  for  the  minimum  floor  load  which  at 
present  is  often  fixed  in  construction  by  the  stiffness  of  the  wood 
floor  construction. 

W.  K.  Hatt,  Chairman. 


OUTLINE  OF  PROPOSED  TESTS  OF  CONCRETE  MIXERS. 

(American  Concrete  Institute,  1922) 

2  runs  for  each  condition.     Mixer  type  denoted  by  letters  A,  B,  C,  etc. 
The  same  cement  and  fine  aggregate  to  ba  used  in  all  tests. 
All  concrete  to  be  discharged  from  mixer  at  the  periods  shown. 

Test  cylinders  to  be  molded  in  accordance  with  "Tentative  Methods  of  Making  Compression  Tests  of 
Concrete"  of  the  American  Society  for  Testing  Materials. 

Outline  Based  on  Abr.vms'  Plan. 
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*  Groups  1  to  4  are  based  on  the  assumption  that  6  types  of  mixers  will  be  used, 
t  From  one  manufacturer  secure  mixers  of  a  graduated  series  of  capacities. 
\  Duplicate  batches  to  be  mixed  on  different  days. 


APPENDIX   TO    REPORT   OF    COMMITTEE    ON   RESEARCH, 
AMERICAN   CONCRETE   INSTITUTE,    1922. 

CURRENT   CONCRETE  RESEARCH   PROJECTS. 

(Incomplete  Census.) 
University  of  Alinnesota : 

Investigations  in  concrete  carried  on  by  the  University  of  Minnesota 
are  being  conducted  by  Professors  Maney  and  M.  B.  Lagaard  in  the  struc- 
tural division  of  the  civil  department,  and  by  Prof.  E.  C.  Lang,  of  the 
highway  division.  The  major  part  of  the  work,  begun  by  Mr.  MacMillan, 
is  still  being  carried  on  at  the  university.    The  series  of  tests  include: 

1.  A  study  of  shrinkage  in  plain  concrete  over  periods  up  to  8  years. 
These  tests  cover  the  study  of  efJ'ect  of  variations  in  (a)  prepara- 
tions  using   neat   cement   mixtures   and   concrete   of  usual   mixes; 

(b)  curing,  such  as  dry  air  with  variations  in  temperature,  moist 
air,  with  water  and  steam  cured;-    (c)    kinds  of  coarse  aggregate; 

(d)  shape  of  specimens  and  direction  and  position  of  gage  line 
measurements;  (e)  per  cent  of  water  used;  (f)  density  of  con- 
crete; (g)  surface  tension  of  water  used;  (h)  foreigTi  ingredients, 
such  as  hydrated  lime,  plaster  of  Paris,  etc.  (To  be  published  in 
final  form  this  year.) 

2.  A  study  of  shrinkage  and  time  yield  or  plastic  flow  of  concrete 
under  sustained  loads  over  long  periods  of  time.  These  include 
measurements  on  reinforced  concrete  bridges,  buildings,  and  con- 
crete chimneys  under  actual  service  conditions,  as  well  as  on 
laboratory  slabs  and  beams.  (To  be  published  in  final  form  this 
year. ) 

3.  Load  extensometer  tests  of  a  one-half  size  model  highway  bridge 
of  cellular  slab  construction. 

Complete  data  was  secured  regarding  the  shrinkage  of  the  con- 
crete and  the  conditions  of  the  slab  previous  to  the  load,  covering  a 
period  of  one  week  when  bridge  was  tested  to  failure.  (Test  com- 
pleted   several   years    back   but   date    of    publication    uncertain.) 

In  addition  to  the  above  tests  there  are  being  made: 

^1.  A  comparison  of  the  important  methods  now  proposed  for  design- 
ing concrete  mixtures.  A  number  of  tests  made  at  present  point 
to  certain  conclusions  but  do  not  justify  print  owing  to  the 
magnitude  of  the  problem. 

2.  A  study  of  steam  curing  under  pressure  as  a  means  of  obtaining 
the   requirements   of   the   28-day   test   limit. 

3.  A  special  study  of  reinforced -concrete  columns  to  let  additional 
liglit  on  the  behavior  of  colunnis  with  particular  reference  to  the 
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Report  of  Committee  E-3.  207 

method    of    designing    proposed    by    Mr.    MacMillan    at    the    last 
meeting  of  the   American   Concrete   Institute. 

These  tests  are  being  conducted  under  the  advice  of  'Mr.  Mac- 
Millan and  the  results  should  prove  to  be  of  particular  interest. 
The  work  will   be  completed  this  year. 

The  Highway  Division  has  undertaken: 

1.  A  study  of  the  expansion  and  contraction  of  concrete  specimens 
cut  from  pavements  throughout  the  state  due  to  temperature 
changes   and   to  moisture   conditions. 

2.  A  series  of  tests  on  concrete  made  from  aggregate  containing 
shale,  the  concrete  being  exposed  to  alternate  freezing  and  thawing 
for  periods  up  to  six  months.  The  object  is  to  obtain  effect  on  the 
wearing  surfaces  as  well  as  the  strength  with  the  shale  present. 

There  is  also  under  consideration  a  study  of  the  structural 
behavior  of  road  slabs  with  various  types  of  reinforcements,  it 
being  proposed  to  select  a  certain  section  of  state  road  in  which 
are  to  be  constructed  various  test  sections  for  investigational 
purposes. 

Lafayette  College,   Easton,  Pa. 

The  following  investigations   are  being  carried   on   at  Lafayette   Col 
lege  under  the  direction  of  Prof.  F.  0.  Dufour : 

1.  To  find  a  criterion  for  determining  when  fine  aggregates  pro- 
portioned in  accordance  with  the  requirements  of  Abrams'  design 
theory  for  concrete  mixtures,  will  not  meet  the  28-day  strengtli 
requirements. 

When  Professor  Dufour  was  with  Stone  &  Webber,  40  tests 
were  made  with  a  fine  sand  and  the  aggregates  properly  propor- 
tioned according  to  Abrams'  theory,  but  there  resulted  not  more 
than  1600  lb.  per  sq.  in.  at  28  days.  A  second  sand  proportion.ed 
according  to  Abrams'  method  gave  2000  lb.  per  sq.  in.  It  is 
expected  that  by  next  fall  there  will  be  available  results  from  100 
additional   tests   on  25  different   sands. 

2.  To  determine  the  effect  of  vibrations  during  the  time  of  setting 
on  the  strength  of  concrete. 

In  this  connection  a  series  of  ten  tests  were  made  by  Penn- 
sylvania R.  R.  men  on  mortar  beams  not  reinforced.  These  tests 
are  being  continued  and  extended  to  both  plain  and  reinforced 
concrete  Iseams.  The  vibration  is  to  be  produced  by  means  of 
pneumatic  hammers.  This  is  an  accellerated  test,  but  when  weather 
permits  the  specimens  will  be  poured  in  place  on  a  railroad  bridge 
and  left  to  the  vibrations  of  passing  trains.  These  tests  will  be 
carried  on   during  the   next   eight   months. 
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3.  To  determine  the  effect  of  variations  from  these  required  by 
specifications  in  the  size  of  screen  openings,  and  the  percentage 
of  sizes   and  the   strength  of   concrete. 

Details  for  this  investigation  have  not  been  decided  upon. 
It  is  sometimes  the  case  that  carloads  of  stone  shipped  from  a 
great  distance  are  rejected  by  inspectors  when  11%  or  12  per 
cent  pass  the  %  in.  screen  instead  of  10  or  11  per  cent  required 
by  specifications.  Also,  inspectors  will  reject  stone  at  the  plant 
when  the  screen  becomes  a  little  worn,  causing  the  holes  to  be 
slightly  larger  than  required.  The. question  is  whether  a  variation 
in  the  strength  of  the  concrete  is  greater  or  less  than  the  varia- 
tion between  the  single  specimens  made  from  stone  which  meets 
the   requirements   of   the   specifications. 

University  of  Illinois: 

The  following  investigations  in  concrete  are  being  carried  on  at  the 
University  of  Illinois,  under  the  direction  of  Prof.  A.  N.  Talbot: 

1.  Reinforced-concrete   arch   test. 

This  test  was  undertaken  to  determine  the  relation  between 
actual  and  comi^uted  stresses.  It  involves  the  correctness  of  the 
assumption  usually  made  in  a  theoretical  analysis. 

2.  Reinforced-concrete   columns. 

The  purpose  of  this  investigation  is  to  find  the  action  of 
spiral  reinforcement  and  the  stresses  produced  in  it;  the  effect 
of  pitch,  of  spiral,  of  length  of  column,  of  eccentricity,  of  rich- 
'  ness  of  concrete,  and  the  combinations  with  longitudinal  reinforce- 
ments; also  the  frictional  resistance  of  granular  materials  re- 
strained by  hooping. 

3.  Investigation  of  web  strength  of  beams.  (Web  strength  used 
instead  of   shearing   strength.) 

4.  Investigation  of   cantilever   flat   slabs. 

-     5.    A  bulletin  on  the  elements  entering  into  the  strength  of  concrete 
is  now  being  prepared. 

Lehigli  University,  Bethlehem,  Penna. 

The  following  extensive  series  of  tests  were  outlined  and  carried  out 
under  the  direction  of  A.  R.  Lord,  at  Fritz  Engineering  Laboratory, 
Lehigh   University. 

1.  Pull-out  tests  of  straight  and  hooked  bars  imbedded  in  concrete 
specimens. 

Data  are  in  possession  of  Civil  Engineering  Department, 
Lehigh  University    (Prof.  Ralph  J.  Fogg  in  charge). 

loioa   State    College,   Ames,   loiva. 

Under  the  direction  of  Dean  Anson  Marston  and  Prof.  T.  R,  Agg. 
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1.  Load  construction  and  steel  floor  joists  of  wood  floor  liigliway 
bridges.    Bulletin  No.  53,  publislied  in  1919. 

2.  Comparative  •cement  tests — continuous  investigation  carried  on 
to  check  work  of  station  with  similar  work  done  at  other  stations. 

3.  Chemical  determination  of  cement  content  of  concrete. 

4.  A  study  of  the  load  carrying  properties  of  precast  pipe  culverts. 

5.  Freezing   and   thawing   tests   of   clay   and   concrete   drain   tile. 
G.    Proportioning   pit   run   gravel   concrete. 

This   investigation  has 'been  completed. 

7.  Investigation  of  wear  on  concrete  limestone  aggregates.  A  study 
to  determine  the  advisability  of  using  Iowa  limestone  in  concrete 
pavement    construction.     Published    soon. 

8.  The  eftect  of  alkali  on  concrete.  A  study  of  the  factors  affecting 
the   durability   of   concrete   drain   tile  when  laid   in   alkali   soil. 

Pennsylvania  State  College,  State   College,  Penn. 
Under  the  direction  of  Dean  R.  L.  Sackett. 

1.  A  method  for  determining  when  the  form  should  be  removed  from 
a  concrete  wall. 

Purdue  University,  Lafayette,  Ind. 

Under  the  direction  of  Prof.  W.  K.  Hatt. 

1.  Studj^  of  the  eft'ects  of  reversal  stresses  on  plain  concrete  specimens, 
to  determine  fatigue  of  concrete.    Progress  report. 

2.  Study  of  the  ball  test  applied  to  the  surface  of  mortar  slabs.  A 
new  and  useful  test   for  concrete.    Progress  report. 

3.  Study  of  the  eff'ect  of  so-called  tolerance  material  on  coarse  aggre- 
gate.    Complete   and   published. 

4.  A  survey  of  the  road  materials  of  Indiana. 

Kansas  State  Agricultural   College,   Manhattan,  Kan. 
R.   A.   Seaton,   Dean,    Division   of   Engineering. 

1.  Study  of   temperature   stresses   on   rigid   pavement   slabs. 

Determination  of  the  actual  concentration  and  expansion  due 
to  temperature  and  other  causes  and  the  stresses  induced  thereby 
in  concrete  and  brick  pavements  of  various  types  and  various  kinds 
of  sub-grade. 

2.  Wear  test  of  concrete. 

It  is  proposed  to  devise  a  satisfactory  wear  test  investigation 
of  concrete  not  involving  the  addition  of  expensive  equipment. 

3.  Concrete  used   in  highway   construction. 

Field  specimens  of  concrete  are  taken  during  construction  and 
sent  to  the  laboratory  for  testing.  Data  covering  the  use  of  a  wide 
range  of  aggregates  and  proportions  covering'  pit-ruTi  gravel  are 
included. 
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Oregon  State  Agricultural  College,  Corvallis,  Ore. 
1.    Investigation  of  concrete  sands  of  Oregon. 

University  of  Maryland,  College  Park,  Md. 

Under  the  direction  of  Dean  A.  N.  Johnson. 

1.  Effect  on  character  on  concrete  in  Maryland  roads  due  to  traffic 
and  climatic  changes. 

2.  Fatigue  test  on  plain  concrete.    New  apparatus  in  which  an  eccen- 
tric shaft  revolves  between  tw<?  beams. 

U.  8.  Bureau  of  Pu'blic  Roads,  Washington,  D.  C. 

1.  Determination     of     most     suitable     abrasion     test     for     concrete 
(proposed). 

2.  Study  of  wear  resisting  properties  of  concrete  aggregates. 

It  ,is  desired  to  determine  ( a )  relations  which  exist  between  the 
wear  and  strength  of  concrete;  (b)  whether  the  same  relations 
exist  between  the  wear  of  concrete  specimens  in  which  dissimilar 
aggregates  are  iised  as  are  indicated  by  laboratory  tests  on  the 
aggregates  themselves;  and  (c)  relation  which  exists  between 
the  wear  and  strength  of  concrete  specimens  in  which  the  maximum 
size  of  coarse  aggregate  varies.  ( In  progress. )  Laboratory' 
investigation. 

3.  Study  of  relation  between  wear  and  strength  of  concrete  as  pre- 
pared in  laboratory,  and  results  when  used  in  construction. 

In  this  investigation  behavior  of  specimens  prepared  in  the 
laboratory  is  compared  with  similar  specimens  made  and  cured 
under  the  same  conditions  as  the  pavement.     (Summer  of  1922.) 

4.  Study  of  the  effect  of  admixtures  of  various  materials  in  concrete. 

In  this  project  it  is  proposed  to  study  the  effect  of  admixtures 

of   various   substances   with   Portland   cement   for   the   purpose   of 

(a)    accelerating  the   strength;     (b)    preventing  premature   drying 

•    out  of  concrete;    and    (c)    increasing  workability.     (In  progress.) 

Laboratory   investigation. 

5.  Detecting    and    neutralizing     deleterious     substances    in    concrete 
aggregates. 

It  is  proposed  to  make  a  detection  of  these  substances  which 
are  of  such  nature  as  to  prove  harmful  to  cement  mixtures,  a 
quick  and  simple  operation.  The  presence  of  organic  matter  as 
determined  by  present  methods  does  not  indicate  the  effect  it  will 
have  on  concrete  with  any  certainty  whatsoever.  Mineral  salts  are 
seldom  given  consideration  and  little  is  known  about  the  quality 
of  these  substances  that  would  prove  injurious.     (In  progress.) 

6.  Study   of   laboratory   tests   for   determining   quality   of   aggregates 
used  in  concretes. 

It  is  proposed  to  develop  laboratory  tests  for  determining 
quality  of  aggregates  for  use  in  concrete,  that  is,  stone,  gravel  and 
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sand.    Tests  as   made   at  present  have  not  been  standardized  and 
can  be  modified  to  advantage.     (Proposed.) 

7.  Study   of  proposed   compression   test   for   cement. 

It  is  proposed  to  *study  the  compression  test  for  cement  as  a 
possible  substitute  for  the  standard  tension  test  as  now  made. 
(In  progress.) 

8.  The  effects  on  character  of  concrete  due  to  traffic  and  climatic 
changes. 

Samples  which  will  rejaresent  a  concrete  that  has  been  in  use 
from  one  to  ten  years  will  be  taken  from  the  road  by  means  of  a 
core  drill  and  subjected  to  laboratory  investigation  to  determine 
their  relative  elastic  qualities.  (In  cooperation  with  the  Univer- 
sity of  Maryland.)     Report  being  prepared  by  Dean  A.  H.  Johnson. 

9.  Investigation    of    central    plant   mixed   concrete.     (Proposed.) 

It  is  proposed  to  determine  a  safe  maximum  time  of  haul  of 
central   plant   mixed   concrete. 

10.  Studies  in  treatment  of  concrete  drain  tile  to  prevent  alkali 
action.     (In  progress.) 

11.  Study  of  blast  furnace  slags  for   use   in   concrete. 

It  is  proposed  to  study  the  concrete  making  properties  of  blast 
furnace  slags  in  a  large  number  of  producing  plants.  (In  progress.) 

12.  Investigation  of  the  merits  of  reinforcements  and  special  joints 
proposed  and  now  used  for  distributing  loads  across  joints  or 
cracks  and  rigid  pavements.      ( Proposed. ) 

13.  Study   of   resistance   of   road   slabs   with   artificial    supports   when 
,  subjected   to   static   loads.     (Proposed.) 

14.  Impact  test  on  plain  and  reinforced  concrete  slabs. 

About  eighty  7 '  x  7 '  specimens  will  be  tested  to  failure  by  a 
road  impact  machine.  This  should  throw  light  on  the  relative  re- 
sistance afforded  by  different  kinds  of  reinforcements  to  such 
impacts  as  can  be  expected  from  moving  motor  truck  wheels.  Re- 
port of  first  series  of  tests  published  October,   1921. 

15.  Abrasion  test  on-  concrete  pavement  sections.  Report  published 
in  May,   1921. 

In  Addition  to  the  Forkgoing  Projects  the  Following  Investigations 
Should  Be  Noted. 

Illinois  Department  of  Public  Works 

and  Buildigs,  Division    of  Highioays. 
Clifford   Older,   Chief   Highway   Engineer. 

1.  Investigational  work  in  pavements  and  sub-grade  being  conducted 
on  the  Bates  experimental  road  which  is  located  12  miles  south- 
west of  Springfield.  This  road  which  is  oyer  2  miles  long,  is  com- 
posed of  63   sections,  each   section  differing  in  kind   of  pavement. 
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During  the  coining  spring  the  road  will  be  subjected  to  regular 
traffic  which  will  vary  from  light  loads  to  extremely  heavy  ones, 
and  it  will  thus  be  possible  to  observe  the  resistance  offered  hy 
different  kinds  of  pavements.  Preliminary  tests  on  each  of  the 
sections  have  been  made  during  the  past  year.  This  work  has 
been  carried  on  in  cooperation  with  the  U.  S.  Bureau  of  Public 
Roads.    These   experiments   include: 

1.    Repeated  loading  on  all  types  of  pavements  under  summer 
temperature  and  conditions. 

2.  Repeated  loading   on  all   types   of  pavements   under   winter 
temperature  and  conditions. 

3.  Repeated    loading    on    all    types    of    concrete    sections    with 
sub-grade   removed   from   under   point   of   load   application. 

4.  Action  of  pavements   under   changes   of  temperature. 

5.  Survey  of  cracks  in  pavements  in  relation  to  temperature. 

6.  Distribution   to   the   sub-grade   of   loads   on   different   pave- 
ment sections'. 

2.  Investigational  work  in  materials  of  construction  is  carried  on 
in  the  la,boratory  at  Springfield.  Work  in  concrete  naturally  occu- 
pies the  greatest  amount  of  time.  The  principal  experiment  at 
present  is  the  investigation  of  fatigue  of  concrete.  This  experi- 
ment deals  with  the  failure  of  concrete  after  being  subjected  to 
many  applications  of  a  load  less  than  the  maximum  which  could 
be   expected   if   it  were   applied   statically.     The   following   experi- 

ments  have  been  conducted  during  the  past  year : 

1.    Curing     of     concrete,     involving    the    use     of     12     different 
methods   on   about  400   specimens. 
-  2.    Curing   of   concrete   under    low   temperatures. 

3.  Prevention  of  bond  in   distributing  bars   in  concrete  roads. 

4.  Testing    of    patented    materials    such    as    earthcrete,    super- 
cement,  etc. 

Pitts'burg,  Cal.,  test  road: 

1500  ft.  long,  oval  in  shape,  built  by  the  Columbia  Steel  Co.,  at 
Pittsburg,  Cal.,  under  the  engineering  direction  of  Messrs.  Lloyd  & 
Aldrieh,  of  San  Francisco,  with  the  cooperation  of  the  Bureau  of 
Public  Roads  and  the  California  Highway  Commission.  Contribu- 
tions halve  been  made  by  the   California  automobile  clubs. 

The  construction  includes  concrete  slabs  of  various  thicknesses 
and  shape,  some  with  inverted  curbs  and  variously  reinforced  witli 
steel,  both  carbon  and  open  hearth  running  from  20  to  69  tons  per 
mile. 

This  road  was  built  July,  1920,  and  was  first  loaded  Nov,  29, 
1920.  There  were  used  40  trucks  equivalent  to  the  passage  of  10,000 
trucks  per  day.  Complete  measurements  of  volume  changes  due  to 
temperature  and  provision  for  sub-soil  moisture.    Detieetions  of  slabs 
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were  recorded  autograpliically  in  4  tunnels  3I/2  ft.  under  the  road. 
Mechanical  action  of  the  slabs  were  determined  by  various  positions 
of  truck  under  static  and  impact  conditions. 

Casper,  Wijoming. 

Reinforced-contrete  precast  slab  road,  built  in  1920,  2400  ft.  long. 
Units  are  8  ft.  long,  9  ft.  wide  and  6  in.  thick,  plane  and  warped 
transverse  joints. 

Alexander  County,  Virginia. 

Experimental  concrete  highway,  2  miles  long,  constructed  under 
the  direction  of  the  U.  S.   Bureau  of  Public  Roads. 

Sections  of  various  thicknesses  and  shapes  and  various  rein- 
forcements. 

Htate  Highway  Department  of  Pennsylvania. 
Under  the  direction  of  H.  S.  Mattimore. 

1.  Determination  of  relative   strength   of   cores  taken  from  the  road 
and   cylinders  made  during  the  construction  of   road. 

2.  Series  of  tests  of  acceleration,  calcium  chloride,  vitriflux,  Master 
Builders,  Livingstone. 

3.  Determination  of  the  effect  of  coal  on  the  strength  of  sands.    From 
2  to  10  per  cent  of  bituminous,  anthracite  and  lignite  were  used. 

4.  Wearing  value  of  sand  in  mortar  specimens  under  Dorry  test. 

5.  Relation   of   fineness   modulus   surface   area  to  wear. 

6.  Test  of  absorption,  using  slag,   sand  stone  and  lime  stone  aggre- 
gates. 

7.  Tests   for   determining  causes   of   hair   cracking   in   concrete   pave- 
ments. 

8.  Effect   of   hot   water   and   hot   cement   used    in   summer    upon   the 
setting  time  of  cement. 

9.  Impact  test  upon  concrete  cylinders. 

10.    Experimental   road   6000   ft.   long   containing   various   mixtures   of 
concrete   with   various   aggregates   and   finishes. 

University   of   Wisconsin  Madison,   Wis. 

Under  the  direction  of  Prof.  M.  M.  Withey. 

1.    Test  of  concrete  slabs  poured  in  pavements,  compared  with  speci- 
mens  made   in  the   laboratory. 

Additional  studies  will  be  supplied  by  Professor  Withey. 

Wisconsin  State  Highway   Commission: 

1.    Experimental  road  near  Milwaukee,  constructed  by  the  Wisconsin 

Highway  Commission,  1917,  under  the  direction  of  H.  J.  Kuelling. 

This  road  contains  both  plain  and  reinforced  concrete  sections, 

reinforcements  consisting  of  Clinton  Avire,  rib  metal,  and  Yn  to  %' 

in.  rods,  » 
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The  last  inspection  on  this  work  was  made  July  7-8,  1920. 
The  general  observations  were: 

1.  Reinforcements  as  now  placed  by  the  different  states,  and 
even  heavier,  cannot  be  recognized  as  a  factor  in  preventing  cracks. 
It  can  only  be  considered,  as  far  as  the  crack  situation  is  con- 
cerned, as  a  means  of  holding  the  cracked  sections  together. 

2.  That  as  far  as  cracking  of  the  road  is  concerned,  due  to 
weather,  the  majority  of  reinforcement,  if  not  all  of  it,  should  be 
placed  across  the  road. 

Bureau  of  Highways,  City  of  Philadelphia: 
On  the  Byberry-Ben   Salem  Pike. 

A  large  number  of  sections  were  constructed  on  that  highway 
about  1912.  This  work  was  done  so  many  years  ago  that  it  is  not 
representative  of  modern  practice,  especially  in  regard  to  the  con- 
crete paving  sections. 

Laboratory  of  the  Hydro- Electric  Power  Commission  of  Ontario. 
R.  B.  Young,  Assistant  Laboratory  Engineer. 

1.  Design  of  concrete  mixtures  covering  the  correlation  and  field  ap- 
plication of  different  theories  of  proportioning. 

2.  Testing  of  fine  aggregates  both  acceptance  and  performance  test- 
ing, particularly  methods  for  quickly  determining  quantitatively 
the  relative  cost  at  a  common  point  of  materials  of  different  char- 

'  acteristics,  from  different  sources  and  of  varying  cost. 

3.  The  economics  of  concrete  mixtures — the  effect  on  cost  of  dif- 
ferent sizes  and  combinations  of  aggregates  giving  concretes  of 
equal  workability   and   strength. 

4.  Workability  or  consistency  of  concrete  mixtures.  Methods  of 
determination. 

5.  Control  of  quality  in  the  iield  and  the  steps  necessary  to  obtain  it. 

University  of  Texas,  Austin,  Texas: 

There  is  being  carried  on  at  the  University  of  Texas,  under  the 
direction  of  Prof.  F.  E.  Giesecke,  an  investigation  for  the  determina- 
tion of  concrete  to  abrasion. 

Specimens  of  concrete  are  subjected  to  abrasion  produced  by  a 
specially  constructed  apparatus  which  is  intended  to  simulate  the 
conditions  in  a  road. 

Bureau  of  Standards,  Washington,  D.  C 

1.  Study  of  surface  treatment  of  concrete  by  waterproofing  materials, 
when  necessary,  to  prevent  deterioration. 

2.  Value  of  various  coatings  to  protect  concrete  tanks  against  leakage 
of  light  oils. 

3.  Study  of  concrete  exposed  to  action  of  alkali  and  seawater. 
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The  following  are  titles  of  investigations  reported  by  W.  A.  Slater, 
the  data  of  which  are  on  file  in  the  Bureau  of  Standards  or  elsewhere, 
but  which  have   not   been   published : 

1.  Tests  of  shearing  strength  of  concrete  beams;  a  large  and  valuable 
investigation;   report   75  per  cent  complete. 

2.  Tests  to  determine  relative  values  of  expanded  metal  and  of  loose 
bars  (placed  parallel  to  and  at  45°  with  the  direction  of  the 
span)  as  reinforcement  for  slabs  supported  on  two  sides;  results 
not  conclusive  but  of  considerable  value;  report  100  per  cent 
complete. 

3.  Tests  of  U  frames  having  brackets  of  various  proportions.  Report 
aims  at  arriving  at  a  simplified  semi-analytical  method  of  apply- 
ing the  results  to  the  design  of  frame  structures;  should  be  of 
much  value;   report  75  per  cent  complete. 

4.  Impact    tests    of    reinforced-concrete    slabs;     report    75    pei     cent 
•  complete. 

5/  Leakage  tests  through  cracks  in  hollow  concrete  beams ;  water 
inside  of  beams  held  iinder  heads  varying  from  zero  to  30  feet; 
report  50  per  cent  complete. 

0.  Investigation  of  causes  of  cracking  in  a  concrete  barge;  report 
85  per  cent  complete. 

Department  of  Civil  Engiveerhxg,  University  of  Illinois,  Urbana,  III. 

Investigation  of  the  magnitude,  cause  and  effect  of  warping  of 
road  slabs.  Slabs  and  apparatus  have  been  installed  at  Qrbana, 
Illinois,  and  daily  readings  taken  since  the  middle  of  December. 

Ciructural  Materials  Research  Laboratory, 
Lewis  Institute,   Chicago,  Illinois. 
Under  the  direction  of   Prof.   Duff  A.   Abrams : 

1.  Tests  of  concrete  exposed  to  alkali. 

About  1800  test  blocks  10x24  in.  in  diameter  were  installed 
at  points  in  Colorado,  South  Dakota,  and  Western  Canada,  where 
alkali  solutions  are  prevalent.  About  6000  smaller  specimens  have 
been  made  for  exposure  at  the  laboratory  to  different  alkali  solu- 
tions at  different  concentrations. 

2.  Tests  of  accelerators  in  concrete. 

A  comprehensive  investigation  of  calcium  chloride  and  other 
accelerators  is  being  carried  out  on  concrete,  using  different  mix- 
tures, consistencies,  etc.,  and  making  tests  at  ages  from  2  days 
to  3  years. 

In  one  series  of  tests  different  brands  of  cement  are  being 
used  and  the  curing  condition'is  being  carried-  over  a  wide  range. 
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3.  Concrete-making  properties  of  fine  aggregates. 

About  200  different  samples  of  sand  and  other  fine  aggregates 
are  being  used  in  the  study  of  the  wear  and  compressive  strengtli 
of  concrete. 

4.  Concrete-making  properties  of  coarse  aggregates. 

About  150  different  samples  of  coarse  aggregates  were  used  in 
an   investigation  of  the   compressive  strength   and  wearing  resist- 
ance  of  concrete.    Parallel   abrasion  tests   are   being   made  on   the 
aggregates. 
,  5.    Transverse  strength  of  concrete. 

A  report  on  transverse  tests  of  concrete  including  the  three- 
months'  period  will  be  presented  to  the  American  Concrete  In- 
stitute at  Cleveland  next  week. 

6.  Use  of  impure  waters  for  mixing  concrete. 

Two  series  of  investigations  have  been  "carried  out,  using  a 
large  niimber  of  samples  of  impure  waters  from  various  sources, 
including  sea  water,  alkali  waters,  mine  water,  bog  waters,  waters 
from  mineral  springs,  sewage  and  various  industrial  wastes. 

7.  Tests  of  bin-stored  cement. 

A  2000-bbl.  bin  of  portland  cement  has  been  set  aside  by  one 
of  the  cement  manufacturers  for  a  study  of  the  effect  of  storing 
cement  in  bulk  for  long  periods  of  time.    Parallel  tests  are  being 
-  made  on  samples  stored  under  the  following  conditions: 

1.  In  cloth  sacks  under  tarpaulin  in  yard. 

2.  In  cloth  sacks  in  shed  in  yard. 

3.  In   cloth   sacks   in  basement   of   Lewis   Institute. 

4.  In  wooden  barrels  in  shed  in  yard. 

Samples  for  test  will  be  taken  at  intervals  up  to  2  or  3  years. 

8.  Tests  of  large-size  aggregates. 

Samples  of  pebbles,  crushed  gran  its,  limestone,  trap  and  slag, 
graded  up  to  3  to  4  in.,  will  be  used  in  this  investigation. 

9.  Effect  of  shape  of  test  piece  on  the  compressive  strength  of  concrete. 

Tests  will  be  made  on  concrete  cylinders,  prisms  and  cubes  of 
difi'erent  dimensions,  using  a  wide  range  of  mixtures,  consistencies, 
etc.    Tests  will  be  made  at  ages  varying  from  7  days  to  1  year. 


DISCUSSION. 

Eknest    Ashton. — Would    not    a    well    directed    publicity    campaign  Mr.  Ashton. 
directed  to  the  industrial   businessmen  and  bankers   produce  sympathetic 
appreciation  of  the  necessity  of  research  work? 

W.  K.  Hatt. — It  has  been  part  of' my  duty  recently  to  act  as  traveling  Mr.  Hatt. 
salesman  of  research  in  connection  with  highway  construction  and  opera- 
tion. The  highway  officials  are  now  pretty  well  convinced  that  the  money 
of  the  people  can  not  be  spent  wisely  in  building  roads  unless  on  a  basis 
of  facts  secured  through  scientific  research.  The  next  thing  to  do  is  to 
persuade  these  gentlemen  to  create  a  research  staff,  men  with  a  special 
function,  as  Mr.  Older  has  done  in  the  State  of  Illinois.  But  he  has  some 
80  men  in  his  testing  and  research  staff;  10  of  those  are  research  workers 
pure  and  simple.  Mr.  Mattimore,  in  the  State  of  Pennsylvania,  has  65 
people  on  his  testing  staff  and  controlling  material.  Now,  if  we  can  get  the 
State  Highway  Commissions  to  recognize  the  research  function,  we  will  be 
a  long  way  on,  becavise  these  men  have  resources  that  need  to  be  unlocked. 

H.  C.  TtjRNER. — The  research  work  that  has  been  done  has  been  done  Mr.  Turner, 
very  largely  by  the  industries  themselves.  Take  the  steel  industry.  The  re- 
search has  been  done  by  the  larger  steel  companies  appropriating  money  for 
research  work,  and  the  same  thing  is  true  in  the  chemical  line  and  in  the 
Portland  Cement  Association.  It  seems  to  me  that  the  Portland  Cement  As- 
sociation has  pointed  the  way  in  research  work  in  cement.  I  think  they  liave 
done  wonderful  work.  It  has  been  hoped  by  many  in  this  convention  that  we 
might  plan  some  definite  research  work  to  be  directed  by  the  Institute, 
and  the  advantages  to  be  obtained  through  the  contractors,  through  the 
companies  supplying  material,  like  steel  and  possibly  machinei'y,  essential 
industries  in  connection  with  the  concrete  industry,  and  possibly  through 
some  assistance  from  the  Portland  Cement  Association  and  in  co-operation 
with  the  Le\Yis  Institute  and  with  tlie  Bureau  of  Standards  in  Washington. 

You  recall  that  our  research  work  has  been  directed  very  largely  by 
the  experiment  station  at  the  University  of  Illinois,  by  Purdue  University, 
and  by  work  at  the  Bureau  of  Standards.  It  ought  to  be  possible  to 
bring  together  those  who  are  actively  in  the  business,  to  provide  certain 
money  and  then  co-ordinate  the  use  of  facilities  and  experts  in  these 
particular  agencies. 

It  is  not  practical  to  expect  our  engineers  or  architects  to  make  any 
large  contribution,  financially ;  contributions  miist  come  from  the  corpora- 
tions and  partnership  members  of  the  Institute. 

A.  E.  LiNDAU. — Research  work  to  be  carried  on  effectively,  of  course,  Mr.  Lindau. 
requires  a  considerable  amount  of  money.     Dr.  Hatt  has  mentioned  three 
projects    which    require    nearly    half    a    million    dollars    and    these    three 
projects  merely  scratch  the  surface.     Private  cor25orations   liave  research 
departments  now.     A  very  notable  example  is  the  General  Electric   Com- 

(217) 
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Mr.  Lindau.  pany,  but  it  is  not  a  simple  matter  for  a  corporation  to  go  into  research 
work.  The  corporation  must  be  of  a  rather  high-minded  type  and  be 
willing  to  take  its  dividends  at  the  end  of  10  or  20  years  instead  of  12 
months.  It  is  a  long  game  to  get  dividends  from  research  and  it  is  some- 
thing in  the  nature  of  public  work  as  well.  One  source  of  income  that 
may  be  tapped,  of  course,  might  be  fvmds  collected  from  trade  associations. 
The  status  of  these  associations  at  the  present  time,  however,  is  rather 
clouded  and  they  are  not  falling  over  themselves,  so  to  speak,  to  get 
together  for  a  purpose  of  this  kind,  or  in  fact  any  other  purpose.  But 
tra,de  associations,  I  think,  should  be  encouraged  to  contribute  funds  for 
research  work.  In  fact,  this  is  being  done  now  by  some  associations  in 
a  small  way. 
■fjf    T>  H.   Whittemore  Brown. — The  speaker's  experience   as  research  engi- 

neer for  a  company  interested  in  industrial  housing  leads  him  to  the  con- 
clusion that  research  work  of  lasting  value  cannot  and  should  not  be 
done  by  commercial  agencies.  Research  work  undertaken  by  an  organiza- 
tion primarily  devoted  to  the  making  of  profits  is  bound  to  be  tinged  hj 
the  necessity  of  a  fairly  quick  return  for  the  money  expended.  While 
this  research  work  may  be  generally  valuable,  its  value  to  the  community 
as  a  whole  is  limited  by  the  vise  which  the  company  makes  of  it. 

Research  work  which  will  be  of  greatest  benefit  to  all  can  only  be 
done  by  some  central  agency  which  is  not  organized  for  monetary  gains. 
Such  an  organization'*' exists  at  the  present  time  in  the  form  of  the 
Bureau  of  Standards  at  Washington.  The  speaker  feels  that  the  proper 
method  of  increasing  the  quantity  and  quality  of  essential  research  work 
in  this  country  should  be  by  interesting  congressmen  and  others  ■  in  the 
work  of  the  Bureau  of  Standards,  to  the  end  that  larger  appropriations 
may  be  given,  to  this  Bureau,  thus  allowing  tiiem  to  increase  the  scope  of 
their  work.. 

Mr.  Hatt.  Prof.    Hatt. — The    tests    of    metals    now    being    conducted    under    the 

auspices  of  the  University  of  Illinois  can  be  instanced.  I  do  not  know 
how  much  money  is  being  spent.  I  know  one  steel  company  that  put 
$40,000  into  that  research,  for  if  Prof.  Moore  doesn't  solve  this  problem 
we  must  do  it  ourselves.  This  is  an  example  of  a  splendid  research 
financed  by  industrial  organizations  that  apparently  know  that  that  work 
is  going  to  be  of  value.  '  We  need  not  say  that  funds  must  come  only  from 
taxes.  It  so  happens  that  ou;r  states  have  very  large  sums  of  money  for 
road  construction,  providing  also  frozen  assets  of  research  that  might  be 
liquidated  to  the  advantage  of  the  people.  The  industries  also  have  large 
assets  of  research  that  ought  to  be  unlocked. 

Mr.  Ashton.  Ernest  Ashton. — I  would  like  to  replj^  to  Mr.  Brown  with  regard  to 

relying  on  Government  activities  for  research  work.  The  Bureau  of 
Standards  are  wonderf\i]]y  located,  with  a  fine  staff  of  research  men,  the 
finest  e(iuipped  laboratories  in  the  country.  The  appropriation  comes  up 
licfore  Congress;  it  is  pruned;  it  is  stopped;  our  congressmen  are  not  sold 
on  the  idea  of  research ;  they  do  not  know  what  the  Bureau  of  Standards  is 
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for;   they  are  not  particularly  interested  because  the  industrial  organiza-  Mr.  Ashton. 

tions  in  their  districts  have  not  acquainted  them  with  its  value.     You  can 

talk  to  your  own  congressman  and  I  question  whether  he  has  ever  been 

out  to  see  it.     One  trip  out  there  and  he  would  be   sold.     We  have  got 

to  sell  the  people,  the  capitalists,  the  businessmen  of  this  country,  on  the 

idea  of  research.     There  is  one  thing  we  can  do,  and  that  is  to  talk  around 

the  country,  wherever  we  meet  a  fellow  who  might  have  any  influence,  tell 

him  to  ask  his  congressmen   about  using  this   investment  at  the   Bureau 

of  Standards. 

H.  C.  Turner. — The  President  has  received  several  letters  from  the  Mr.  Turner. 
Bureau  of  Standards  in  Washington  offering  its  assistance  in  co-operation 
with  the  Institute,  and  only  this  week  received  a  letter  in  M'hich  the  hope 
was  expressed  that  following  this  convention  we  might  have  a  session 
between  some  committee  of  the  Institute  with  the  Bureau,  in  planning  out 
research  work  of  the  character  thought  of  primary  importance  by  the 
members  of  the  Institute.  Director  Stratton  has  assured  lis  of  their  great 
desire  to  co-operate  and  aid  in  any  work  we  wish  to  carry  out.  If  we 
are  going  to  make  progress,  I  think  we  have  got  to  make  it  through 
obtaining  funds  from  individuals  and  corporations  actively  in  the  business. 
If  we  attempt  to  persuade  congress  to  appropriate  money,  we  will  have  to 
wait  a  number  of  years.  I  think  the  only  safe  procedure  is  to  bring  home 
to  ourselves  the  great  importance  of  the  subject  and  collect  money  among 
ourselves  and  then  carry  on  a  program  of  research  work  in  co-operation 
with  the  government  and  with  the  Portland  Cement  Association. 

D.    S.    Humphrey. — I    should    like    to    ask    Dr.    Hatt    for    a    definite  Mr.  Humphrey, 
recommendation,  what  he  thinks  the  Institute  can  do  as  their  share  of  the 
research    Avork,   the    particular    things    he    might    have    in    mind   that   we 
are  to  do. 

Mr.  Hatt. — As  the  Committee  report  states,  I  would  recommend  that  y^^  Hatt. 
the  proper  committees  of  the  Institute  interest,  the  mixer  manufacturers 
in  a  study  of  the  operations  of  concrete  mixers.  I  would  also  recommend 
investigations  relating  to  the  strength  of  building  floors,  as  suggested  by 
Mr.  Slater.  This  is  a  kind  of  work  that  cannot  be  done  by  one  man  or  one 
institution ;  it  represents  the  combined  eff'orts  of  several  agencies  and 
heavy  expenditures.  The  Bureau  of  Standards  has  not  sufficient  funds; 
support  must  come  from  the  industries.  The  Bureau  of  Standards  has 
not  enough  funds  to  carry  out  work  now  on  hand.  Indeed  there  are  val-_ 
liable  data  buried  in  the  files  that  should  be  worked  up. 


EEPORT    OF    COMMITTEE    E-7,    ON    WATERPROOFING. 

Committee  E-7,  on  Waterproofing,  had  intended  holding  a  meeting  at 
the  time  of  tliis  convention,  hut  due  to  the  unexpected  illness  of  the  chair- 
man, and  the  inability  to  hold  a  meeting,  the  following  progress  report 
has  been  prepared  for  submission  to  the  Institute: 

Final  appointments  on  Committee  E-7  were  only  completed  on  Nov. 
17,  1921.  A  meeting  was  held  in  Philadelphia  on  December  15.  With 
the  exception  of  three  members,  the  entire  committee  of  sixteen  attended. 

After  discussing  for  some  time  the  scope  of  the  Committee's  work, 
and  various  other   details,   the   following  sub-committees  were   appointed : 

1.  Integral   methods   and  plaster  coatings. 

2.  Penetrative  surface  applications. 

3.  Bituminous   coatings  and  membranous  systems. 

4.  Non-bituminous  surface  coatings. 

5.  Waterproofing  concrete. 

All  sub-committee  reports  were  to  be  in  the  hands  of  the  chairman 
by  January  20,  so  that  a  definite  report  for  the  Committee  could  be  made 
to  this  session  of  the  Institute.  Various  changes  however  have  been  neces- 
sary, not  only  in  the  personnel  of  the  sub-committee,  but  in  the  chairmen 
as  w^ell. 

Consequently  no  formal  report  can  be  presented  at  this  time.  The 
progress  already  made  indicates  that  not  only  will  a  definite  and  con- 
structive report  be  ready  for  presentation  at  the  next  meeting  of  the  Insti- 
tute, but  that  there  is  a  real  need  for  just  such  a  committee  for  the 
purpose  of  studying  and  clarifying  some  of  the  misunderstandings  which 
seem  now  to  exist  on  the  subject  of  waterproofing. 

J.  H.  LiBBERTON,  Secretary. 

Ernest  Ashton, 

Maxmilian  Toch    ( A.  H.  Rhett  ) , 

A.  W.  Stephens, 

D.  A.  Abrams, 

J.  C.  Pearson, 

Peter    C.   Spence    ( R.    P.   Brown  ) . 
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REPORT    OF    COMMITTEE    S-1,    ON   REINFORCE D-CONCRETE 
CHIMNEYS. 

The  committee  has  prepared  the  substance  of  a  specification  for  the 
design  and  construction  of  tapering  reinforced-concrete  chimneys.  It  is 
not  in  final  form  but  is  presented  this  year  for  discussion. 

Recommended  Specifications  for  Design  and  Construction  op 
.  Tapering  Reinforced-Concrete  Chimneys. 

The  intent  of  these  specifications  is  to  provide  for  tlie  design  and 
construction  of  tapering  reinforced-concrete  chimneys  and  their  foundations. 

Design. — In  designing  the  chimney  the  following  i^rimary  assumptions 
shall  govern : 

•    1.    A  plain  section  before  bending  remains  plain  after  bending. 

2.  The  thickness  of  the  wall  at  any  horizontal  section  shall  be 
constant. 

3.  The  temperature  and  torsional  stresses  shall  be  properly  provided 
for  with  reinforcement. 

4.  The  temperature  and  torsional  reinforcement  shall  be  spaced  not 
more  than  6  in.  apart  horizontally,  and  the  distance  from  the  face  of  the 
wall  to  the  reinforcement  shall  not  be  more  than   3   in. 

.5.  A  wind  pressure  due  to  a  wind  having  a  velocity  of  100  miles 
per  hour  for  the  entire  height  of  the  chimney. 

6.  Weight  of  the  reinforced  concrete — 150  lb.  per  cu.   ft. 

7.  The  tensile  strength  of  concrete  is  to  be  neglected  when  computing 
for  tensile  stresses  in  the  reinforcing  steel. 

8.  The  compression  stiength  of  the  steel  is  to  be  neglected  when  com- 
puting for  the  compression  stresses  in  the  concrete. 

9.  Maximum  allowable  compression  stress  in  concrete — 350  lb.  per 
sq.  in. 

10.  Maximum  allowable  tensile  stress  in  open  hearth  steel — 16,000 
lb.  per  sq.  in. 

11.  Maximum  allowable  tensile  stress  in  cold  drawn  steel — 18,000 
lb.  per  sq.  in. 

12.  Maximum  allowable  shear  on  concrete  shall  not  exceed  40  lb.  per 
sq.  in.,  unless  shear  reinforcement  is  provided,  in  which  case  the  shearing 
strength  shall  not  exceed  100  lb.  per  sq.  in. 

13.  The  full  strength  of  the  bars  shall  be  assumed  to  be  developed 
by  the  imbedment  of  the  bar  ecjual  to  forty  times  its  diameter. 

14.  The  foundations  shall  be  reinforced  with  steel  bars  to  act  as  a 
cantilever  footing. 

Workmanship. — The  work  shall  be  done  in  a  first  class  and  work- 
manlike manner  under   the   supervision   of   an   experienced  superintendent 
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or  foreman.  The  chimney  shall  have  a  uniform  taper  from  bottom  to  top 
on  the  outside,  and  shall  have  at  any  horizontal  section  a  true  outer  and 
inner  circle,  concentric  to  the  center,  and  a  Wall  of  even  thickness  through- 
out the  section.  All  ridges  and  offsets  shall  be  removed  so  that  the  chimney 
when  completed  shall  have  a  smooth  surface  of  uniform  color. 

Forms.- — ^Forms  for  the  shaft  shall  be  of  such  construction  and  thick- 
ness that  they  will  conform  readily  to  the  circular  lines  of  the  section 
but  must  be  well  braced  and  sufficiently  strong  to  prevent  bulging.  The 
inner  and  outer  forms  shall  be  set  in  place  so  as  to  insure  a  concentric 
alignment  and  resultant  uniform  thickness  of  the  chimney  wall  at  ,all 
parts  of  any  horizontal  section.  All  joints  shall  be  tight  so  as  to  prevent 
the  leakage  of  mortar.  Proper  precaution  is  to  be  taken  to  have  the 
forms  held  in  place  so  that  the  chimney  shaft  will  at  all  points  be  true 
to  the  vertical  axis. 

Materials. — Cement.  The  cement  shall  be  portland  cement  which 
conforms  to  the  requirements  of  the  latest  standard  specifications  of  the 
American  Society  for  Testing  Materials,  It  shall  be  stored  until  used, 
in  a  building  which  will  protect  it  properly  from  the  weather. 

Fine  Aggregate.  Fine  aggregate  shall  consist  of  screened,  washed 
sand,  crushed  rock,  gravel  screenings,  or  air  cooled  blast  furnace  slag 
screenings,  graded  from  fine  to  coarse,  and  passing  when  dry,  a  screen 
having  four  meshes  per  linear  inch.  It  shall  be  clean  and  free  from  any 
injurious  amount  of  soft  particles,  lumps  of  clay,  vegetable  loam,  organic 
matter  or  other  impurities. 

Coarse  Aggregate.  The  coarse  aggregate  shall  consist  of  properly 
graded  crushed  rock,  gravel,  or  air  cooled  blast  furnace  slag.  It  shall  be 
clean,  hard   and   durable,   and  free   from   all   deleterious   matter. 

Water. — Water  used  for  mixing  concrete  shall  be  free  from  oil,  acid, 
alkalies  or  organic  matter. 

Steel. — Reinforcing  steel  shall  comply  with  the  requirements  of  the 
latest  standard  specifications  for  billet  steel  reinforcement,  adopted  by 
the  American  Society  for  Testing  Materials.  Reinforcement  shall  be  of 
new  billet  stock,  having  a  tensile  strength  of  from  55,000  to  75,000  lb. 
per  sq.  in.  Cold  drawn  steel  wire  used  for  temperature  and  torsional 
reinforcement  shall  have  a  tensile  strength  of  from  75,000  to  85,000  lb. 
per  sq.  in.  Reinforcement  shall  be  free  from  scale,  paint,  coatings  of  any 
character,  or  excessive  rust,  which  would  tend  to  reduce  or  destroy  the 
bond  with  the  concrete. 

Proportions. — The  unit  of  nteasure  shall  be  the  cubic  foot.  Ninety- 
four  pounds,  or  one  sack  of  cement,  shall  be  assumed  as  one  cubic  foot. 
Foundation  concrete  shall  be  mixed  in  the  proportion  of  one  sack  of  port- 
land  cement  to  not  more  than  8  cu.  ft.  of  fine  and  coarse  aggregate,  meas- 
ured   separately,    and    in    no    case    shall    the    fine   aggregate   exceed    three 
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times  the  volume  of  cement.  Concrete  for  the  chimney  shaft  shall  be 
mixed  in  the  proportion  of  one  sack  of  portland  cement  to  not  over  5% 
cu.  ft.  of  fine  and  coarse  aggregate,  measured  separately,  and  in  no  ease 
shall  the  fine  aggregate  exceed  twice  the  volume  of  cement.  The  propor- 
tioning of  the  fine  and  coarse  aggregate  shall  be  such  as  will  produce  as 
dense  a  concrete  as  possible. 

Machine  'Mixing. — Concrete  shall  be  mixed  in  a  batch  mixer  of  ap- 
proved type,  which  will  insure  uniform  distribution  of  the  materials 
throughout  the  mass.  After  all  materials  and  water  are  in  the  drum,  the 
concrete  shall  be  mixed  not  less  than  one  and  one-half  miilutes,  during 
which  time  the  mixer  shall  rotate  at  a  peripheral  speed  of  about  200  ft. 
per  min.  The  volume  of  the  mixed  material  per  batch  shall  not  exceed  the 
manufacturer's  rated  capacity  of  the  mixer. 

Hand  Mixing. — Where  absolutely  necessary  to  resort  to  hand  mixing 
it  shall  be  done  on  a  watertight  platform.  The  materials  shall  be  turned 
at  least  six  times  after  the  water  is  added  and  until  the  batch  is  homo- 
geneous  in  appearance  and  color. 

Consistency. — The  consistency  of  the  concrete  shall  be  such  that  it 
will  flow  sluggishly  in  the  forms  and  around  the  reinforcement.  An  excess 
of  water  shall  be  avoided  because  it  seriously  affects  the  strength  of  the 
concrete  and  any  batch  of  concrete  containing  such  an  excess  shall  be 
rejected. 

Betempering. — No  concrete  shall  be  used  that  has  partly  set.  Retem- 
pering  of  concrete  or  mortar  which  has  partially  hardened,  that  is,  re- 
mixing with  or  without  additional  materials  or  water,  will  not  be 
permitted. 

Placing. — After  mixing,  the  concrete  shall  be  handled  as  rapidly  as 
practicable  into  place.  Concrete  shall  be  placed  in  as  continuous  an  oper- 
ation as  possible.  It  shall  be  deposited  in  a  manner  so  as  to  permit  of 
a  thorough  compacting  and  shall  be  worked  in  and  around  the  reinforce- 
ment by  means  of  spading  so  as  to  secure  a  dense  mass,  free  from  voids 
or  fissures.  Before  placing  concrete,  the  reinforcement  is  to  be  j^laced  in 
correct  position.  Precautions  are  to  be  taken  to  prevent  a  subsequent 
displacement. 

The  space  to  be  occupied  by  the  concrete  is  to  be  free  from  all  debris. 
When  the  placing  of  concrete  is  to  be  stopped  for  such  a  length  of  time 
that  the  concrete  will  harden  before  work  is  again  resumed,  the  pre- 
viously placed  concrete  shall  be  cleaned  from  all  dirt,  scum  or  laitance. 
Before  any  new  concrete  is  placed,  the  previous  work  shall  be  wet  and 
covered  with  a  mortar  of  one  part  cement  and  not  over  two  parts  of  fine 
aggregate. 

Temperature  Beloto  45  Deg.  Fahrenheit. — If  at  any  time  during  the 
progress  of  the  work  the  temperature  drops  below  45°,  the  water  and  the 
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aggregates  shall  be  heated  and  precautions  taken  to  protect  the  work  from 
freezing. 

Reinforcement. — The  vertical  rods  imbedded  in  the  foundations  shall 
be  bent  under  the  foundation  reinforcement  for  anchorage.  All  splices 
shall  be  not  less  than  forty  times  the  diameter  of  the  bars.  Splices  are 
to  be  distributed,  and  no  splices  are  to  be  made  in  the  foundation  at 
points  at  maximum  stress. 

Ornamental  Head. — The  top  of  the  shaft  shall  be  built  out  to  form  a 
neat   looking  crown. 

Lining. — The  lining  is  to  be  built  of  materials  of  suitable  quality  to 
withstand  the  temperature  and  action  of  the  flue  gases.  The  lining  is  to 
be  of  such  height  and  thickness  as  to  properly  protect  the  shaft  of  the 
chimney  from  the  action  and  temperature  of  the  flue  gases. 

Surface  Finish. — All  exposed  surfaces  shall  be  finished  so  as  to  pre- 
sent a  smooth  surface.  Upon  completion  the  shaft  shall  be  washed  down 
with  a  cement  wash. 

Cleanout  Door. — The  chimney  shall  be  equipped  with  a  standard  24x30 
in.  cast-iron  cleanout  door  and  frame. 

Pulley  and  Cable. — The  chimney  shall  be  provided  with  one  suitable 
bronze  pulley,  anchored  to  the  top  of  same,  and  a  loop  of  -^e  in.  galvanized 
wire  cable  extending  full  height  of  chimney. 

Eric  Plagwit,  Chairman. 


DISCUSSION. 

M.    G.    Feldrappe. — I    cannot    agree    with   the   committee    in    allowing  Mr.  Feldrappe. 
only  800  lb.  stress.     It  seems  to  me  that  if  we  want  to  promote  the  con- 
struction of  concrete  chimneys,  we  ought  not  to  be  as  conservative  as  that. 
Is  there  any  reason  for  it? 

Eric  Plagwit. — A  compressive  strength  of  350  lb.  per  sq.  in.  is  the  Mr.  Plagwit. 
adopted  practice  of  most  of  the  conservative  builders  in  this  country. 
The  principal  reason  for  this  is  that  in  order  to  give  the  chimney  suffi- 
cient taper,  the  wall  at  'the  bottom  would  be  very  small  if  the  stress 
would  run  above  350  lb.  Furthermore,  the  cost  of  the  concrete  material 
to  go  into  a  concrete  chimney  is  comparatively  very  small  compared  with 
the  labor  cost,  which  is  the  principal  item.  So  whether  you  put  in  a  few 
yards  more  of  concrete  or  not  has  really  no  bearing  on  the  cost  of  the 
chimney  as  a  whole. 

Mr.  Feldrappe. — Why  waste  it,  if  it  is  not  necessary  ?    The  most  con-  Mr.  Feldrappe. 
servative  codes  say  500  lb.  for  a  1:2:4  mix. 

Mr.  Plagwit. — We  fear  we  cannot  be  too  conservative  in  designing  Mr.  Plagwit. 
chimneys,  because  chimneys  are  subject  to  stresses  which  other  things  are 
not  subject  to,  such  as  temperature  and  torsion  stresses  caused  by  the 
wind  blowing  against  the  chimney.  The  chimney  does  not  sway  back  and 
forth  like  a  pendulum,  but  in  such  a  way  that  the  center  of  the  top 
section  describes  an  ellipse  with  the  long  axis  parallel  to  the  end.  Then 
again,  a  wind  may  blow  in  one  direction  for  half  an  hour  and  then  turn 
clear  around  and  blow  in  the  other  direction;  that  is  another  reason  for 
the  compressive  stress. 

Mr.  Feldrappe. — When  you  design  a  chimney,  you  design  it  to  take  Mr.  Feldrappe. 
care  of  these  stresses,  don't  you  ? 

Mr.  Plagwit.— Yes,  we  do,  but  nevertheless  the  stresses  are  one  of  Mr.  Plagwit. 
the  reasons  why  we  put  the  compression  stress  as  low  as  350. 

John  W.  Lowell. — Committee  S-1,  on  Concrete  Chimneys,  of  which  I  Mr.  Lowell, 
am  a  member,  realizes  that  the  data  at  its  disposal  is  sufficient  to  enable 
it  to  draft  a  specification  covering  only  the  general  features  of  design  and 
construction  of  concrete  chimneys. 

No  doubt  temperature  reinforcement  of  chimneys  should  be  given 
greater  consideration  in  our  specification,  but  before  this  can  logically  be 
considered  by  the  Committee,  we  must  have  before  us  not  only  theories,  but 
those  theories  which  have  been  checked  by  experiment  or  actual  practice. 
To  get  the  subject  of  temperature  stresses  before  the  members  of  the 
Institute  and  other  engineers  who  may  wish  to  study  this  subject,  I,  as 
an  individual,  should  like  to  present  the  following  discussion  of  circum- 
ferential temperature  stresses. 

That  internal  forces  are  set  up  in  the  chimney  shell  due  to  heat  is 
undisputed.      It   is   likewise   readily   seen   that   these   forces   are   functions 

(25) 
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of  the  thickness- of  the  shell  and  diameter  of  the  chimney  as  well  as  the 
drop  in  temperature  between  the  inside  and  outside  of  the  wall. 

Still,  after  building  concrete  chimneys  for  about  20  years,  designers 
and  builders  of  chimneys,  so  far  as  I  have  been  able  to  learn,  do  not  use 
even  an  empirical  formula  to  determine  how  these  forces  can  be  taken 
care  of  to  lessen  the  damage  to  chimneys.  Cracks  occur  in  most  all 
chimneys,  in  some  much  worse  than  in  others.  Yet,  it  is  evident  that 
this  does  not  arouse  our  curiosity  when  we  stop  to  realize  that  practically 
no  change  has  been  made  during  the  last  15  years  in  the  practice  of 
reinforcing  to  take  care  of  temperature  stresses. 
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FIG.    1. 

From  the  nature  of  internal  and  external  conditions,  the  derivation 
of  a  theoretical  formula  should  not  be  difficult.  The  testing  of  stresses 
and  strains  in  new  chimneys  being  heated  for  the  first  time  would  make 
a  very  interesting  problem.  Also,  tests  of  annular  sections  heated  under 
control   would  likewise  produce  valuable  data. 

This  problem  is  of  sufficient  importance  to  be  brought  to  the  atten- 
tion of  the  various  engineering  experimental  stations  and  to  the  engineer- 
ing colleges  as  a  thesis  subject.  It  is  hoped  that  the  results  of  such  study 
and  experimentation  that  may  be  made  will  be  brought  to  the  attention 
of  the  Institute's  chimney    committee. 

A  study  of  the  various  text  books  and  references  relating  to  concrete 
chimneys  showed  that  there  is  no  theory  or  other  data  developed  suffi- 
ciently to  be  usable  in  designing  various  sized  chimneys.  However, 
Turneaure  &  Maurer  have  built  up  a  theory  on  the  assumption  of  a  con- 
stant modulus  of  elasticity  for  concrete  in  compression  within  the  tem- 
perature range  and  a  straight  line  temperature  gradient  through  the  shell. 


.  Report  of  Committee  S-1. 


227 


/^rccn/oge'  of  /?oop  s/ee/. 
FIG.    2. 


P'ercGnfage  of  /?oop  s/^e/, 
FIG.  3. 


228 


Repoet  of  Committee  S-1. 


P^rc&nfoge  o/  /?ooo  s/ee/ 


FIG.   4. 


r/7aL£    o/r  Co£-Fncf£/^T  /r  FO/S  D/rFSA 

sA/r  l^/ii. 

/£S  Of/C^ 

r-.^ 

^ 

^ 

K,-i-^ 

.^ 

^^ 

- 

^ 

^ 

-- 

// 

^ 

^ 

' 

//. 

//^ 

// 

/ 

S/S.'! 

/.o  /.a  /4  /s 


Discussion  on  Report  of  Committee  S-1.  229 

This  theory  is  given  in  "Principles  of  Reinforced-Concrete  Construction,"   Mr.  Low§ll. 
by   Turneanre  &  Maiirer,  p.   413. 

To  make  this  theory  usable  and  to  bring  it  to  the  more  direct  atten- 
tion of  those  who  may  wish  to  study  the  problem  of  temperature  stresses, 
I  have  developed,  and  present  to  the  committee  as  a  part  of  this  dis- 
cussion, charts  which  cover  a  wide  range  of  chimney  sizes  met  with  in 
design. 

It  is  not  my  intention  to  suggest  that  cracks  should  be  eliminated, 
but  I  do  think  they  should  be  controlled  in  size  and  distribution.  I 
believe  this  can  be  accomplished  readily  if  the  tensile  stress  in  the  steel 
reinforcement  be  kept  within  two-thirds  of  its  elastic  limit  and  a  cold 
drawn  wire  mesh  is  used  with  wires  spaced  about  4  in.  and  not  greater 
than  6  in.  apart  horizontally,  and  if  the  compressive  stress  of  the  con- 
crete is  kept  within  two-thirds  of  its  rated  ultimate  strength. 

The  following  formulas  (1)  and  (2),  to  be  used  with  the  charts 
presented  hereafter  in  calculating  the  circumferential  temperature  stresses 
and  area  of  reinforcement,  are  taken  from  "Principles  of  Peinforced-Con- 
crete  Construction,"  by  Turneaure  &  Maurer,  p.  413-419. 

(1)  fc^-^KEcmc  (2)  fs  =  'n-KEsms 
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Values  of  mc  and  Wg    for  various  values  of  j)  and   k^    are  shown  In 
Figs.  1  to  4  where  ^  =   15. 

Values  for  k  and  p  for  various  values  of   ki   where  n  =  15  are  shown 
on  Fig.  5.     The  curves  of  Fig.  5  are  plotted  from  the  formula 
k  -  I      k^  +  npki    ^,       /,     ,    A- A     ,     71  p 
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(1_A-)(A;  +  4M  '  ''         f-k^ 

ki    =  distance  of  circumferential  steel  reinforcement  from  outer  surface 
of  concrete  shell  divided  by  total  thickness  of  shell ; 

k     =  ratio  of  depth  of  neutral  axis  of  a  section  from  the  compressive 
face; 

t      =  thickness  of  concrete  shell  at  the  section  under  consideration; 

ri    =  inner  radius  of  .shell; 

1-2    =  outer  radius  of  shell; 

TT     =  difference  of  temperatures   of  concrete   at  outer   and   inner  faces; 

K  =  coefficient  of  expansion  of  concrete  and  steel; 

Ec  =  modulus-  of  elasticity  of  concrete  in  compression ; 

Ea  =:  modulus  of  steel ; 

fc    =  temperature    unit    stress    in    concrete     (circumferential)    at    inner 
face;  and 

fg    =  temperature   unit   stress   in  circumferential   steel. 

[A  written^discussion  of  this  report  by  Edward  Godfrey  appears  on  p. 
315  of  this  volume.] 


REPORT    OF    COMMITTEE    S-2,    ON   REINFORCED-CONCRETE 
HIGHWAY  BRIDGES  AND  CULVERTS 

Waterproofing,  Expansion  and  Construction  Joints  and  Drainage. — 
These  considerations  are  of  such  importance  in  reinforced-concrete  bridge 
design  that  your  committee  felt  the  necessity  of  giving  preference  to  them 
over  other  subjects  for  which  they  have  planned  and  are  gathering  data  to 
report  upon. 

It  has  been  found  that  these  considerations  have  very  often  been  given 
perfunctory  thought  and  many  structures  show  the  effect  of  this  neglect. 
The  embodiment  of  good  practice  is  not  confined  to  theoretical  economies 
based  upon  actual  quantities  of  concrete,  steel  reinforcement  and  other 
materials;  of  equal  or  greater  importance  is  the  surety  of  a  positive  water 
repellent__  protection,  the  development  of  an  effective  expansion  joint,  the 
determination  and  arrangement  of  construction  joints  that  will  not  weaken 
the  structure  nor  exceed  the  capacity  of  a  plant  layout  commensurate 
with  the  magnitude  of  the  work  and  finally  the  distribution  of  a  drainage 
system  to  down-spouts  and  so  arranged'  as  to  minimize  the  concentration 
of  water  at  the  expansion  and  construction  joints  or  at  the  termination 
of  the  flashings  of  the  waterproofing  medium.  Thus  it  is  seen  that  these 
four  considerations  are  correlated  factors  so  closely  allied  to  each  other 
and  of  such  importance  that  the  details  of  all  must  be  investigated  and 
developed  coherently,  not  as  an  after  thought,  but  bearing  materially  on 
the  type  of  the  superstructure  selected. 

Waterproofing. — In  general  concrete  woTk,  waterproofing  systems  can 
be  divided  into  three  classes,  the  membrane,  the  integral  and  the  painting 
or  plaster  treatment. 

The  membrane  systefn  consists  of  the  laying  or  building  up  of  a  water 
repellent  blanket  over  the  surface  of  the  concrete — the  bridge  floor,  the 
back  of  a  barrel  arch,  the  inner  face  of  a  parapet  wall  or  any  other  surface 
exposed  to  drainage  or  to  hydrostatic  pressure.  The  waterproofing  medium 
is  a  bituminous  product,  either  an  asphalt  or  a  coal  tar  pitch.  The 
bitumen,  applied  hot  to  the  surface  of  the  concrete,  is  reinforced  and  held 
in  place  by  laying  a  treated  or  untreated  sheet  of  felt,  paper,  burlap, 
cotton  cloth  or  a  combination  of  these  materials  after  each  swabbing  of 
bitumen.  The  number  of  plies  vary  from  two  to  five  depending  upon  the 
kind  of  membrane  used. 

The  integral  method  consists  of  the  incorporation  of  a  compound, 
either  in  paste,  liquid  or  powdered  form,  with  the  concrete  ingredients 
during  the  mixing  to  give  greater  flowbility  by  lubrication  of  the  surfaces 
of  the  aggregate  or  resulting   in  further  hydration  of  the  cement,  both 
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principles  intended  to  produce  maximum  density  or  such  other  chemical 
action  intended  to  decrease  the  permeability  of  the  concrete. 

The  painting  or  plaster  treatments  consist  of  the  application  of 
bituminous  or  other  paints,  or  the  integral  method  used  in  cement  mortar 
and  applied  like  plaster  to  the  surface  of  the  concrete.  A  rubbing  treat- 
ment also  has  been  used  in  which  the  compound  is  worked  into  the  surface 
of  the  concrete  intended,  by  act  of  chemical  or  physical  assimilation,  to 
eliminate  permeability  of  the  concrete. 

It  is  not  considered  that  the  integral  methods  have  a  function  in 
waterproofing  concrete  bridges  of  such  size  that  construction  joints  are 
unavoidable.  The  interruptions  in  the  continuity  of  the  surface  that  is  to 
be  protected  by  reason  of  both  the  incipient  cracks  that  do  develop  regard- 
less of  the  amount  of  reinforcement  and  the  necessary  expansion  and  con- 
struction joints  make  such  methods  inapplicable. 

The  aggregate  may  be  so  proportioned,  treated  and  mixed  that  the 
resulting  mixture  would  give  a  concrete  of  the  highest  degree  of  density, 
but  the  fact  must  not  be  overlooked,  in  the  final  analysis,  that  the  actual 
density  of  the  finished  product  depends  largely  in  the  manner  in  which 
the  concrete  is  deposited  in  the  forms.  This  is  not  controlled  by  the  per- 
fection of  the  mix,  physically  or  chemically,  but  there  remains  a  personal 
equation  which  is  not  fully  controlled  on  any  work. 

The  membrane  system  of  waterproofing  is  a  guard  against  possible 
defects  in  concrete  bridge  construction  and  has  been  used  in  a  most  effective 
manner.  Regardless  of  the  surface  porosity  or  the  incipient  cracks  that 
may  develop,  the  expansion  and  construction  joints  necessary  to  the  work, 
the  membrane  system  is  real  insurance  against  disintegrations  known  to 
unprotected  structures  at  these  points  of  susceptive  weaknesses. 

At  present  this  limits  the  field  to  the  bituminous  compositions,  asphalt 
and  coal  tar  pitch.  As  between  coal  tar  pitch  and  a  properly  refined 
asphalt  your  committee  is  of  the  opinion  that  the  physical  properties  of 
the  latter  is  better  suited  to  meet  the  outstanding  requirements  of  service; 
because  of  the  close  proximity  of  the  material  to  the  surface  of  the  struc- 
ture, it  is  subjected  to  structural  movements  and  shock  of  impact  through 
wide  range  of  temperature.  Coal  tar  pitch  is  more  susceptible  to  changes 
in  temperature  than  asphalt;  its  consistency  changes  from  an  extremely 
brittle  solid  at  40  degrees  F.  to  a  very  soft  fluid  at  115  degrees.  At  the 
lower  temperature  the  quality  of  ductility  is  completely  lacking. 

Not  all  asphalts,  however,  are  suitable  for  waterproofing;  some  of 
them,  in  fact,  being  very  poor  waterproofing  agents  by  reason  of  the  fact 
that  they  lack  the  essential  physical  properties,  or  contain  impurities 
prejudicial  to  their  life. 

The  American  Society  for  Testing  Materials  and  the  American  Society 
of  Civil  Engineers  have  established  standard  tests  for  bituminous  materials 
and  have  described  in  minute  detail  how  such  tests  shall  be  made.  From 
these  tests  it  is  entirely  possible  to  predetermine  with  considerable  accuracy 
how  bituminous  materials  will  behave  in  service  and  the  relative  life  that 
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may  reasonably  be  anticipated  from  them.  Therefore,  reliance  should  not 
be  placed  on  trade  contentions  of  a  material  of  inexplicable  composition. 
Through  lack  of  proper  investigation  the  profession  has  been  badly  misled. 
Specifications  can  and,  in  the  opinion  of  your  committee,  should  be  written 
which  describe  by  standard  tests  previously  mentioned  the  quality  of  the 
material  desired  just  as  the  quality  of  the  aggregates,  cement,  steel  and 
other  materials  is  described. 

In  recommending  the  following  tentative  standard  the  committee  is 
not  acting  entirely  upon  its  own  knowledge  of  the  subject,  but  has  con- 
sulted   with    independent    authorities    on    bituminous    products. 

TENTATIVE    STANDARD   FOR    BITUMINOUS    WATERPROOFING 

(1).  The  asphalt  used  should  have  the  highest  possible  percentage  of 
bitumen,  as  the  bitumen  content  in  an  asphalt  is  the  waterproofing  content 
of  value.'  Many  asphalts  will  test  99%  per  cent  pure — 98  per  cent  would 
not  be  an  unreasonable  requirement. 

(2).  The  asphalt  should  be  relatively  soft  at  32  deg.  F.  and  relatively 
stiff  at  115  deg.  F.  In  other  words  the  ratio  between  the  consistencies  of 
the  material  at  these  temperatures  as  measured  by  the  standard  penetration 
tests,  or  the  "susceptibility  ratio,"  should  not  be  greater  than  9  with  a 
maximum  penetration    (standard  test)   at  115  deg.  F.  of  one  centimeter. 

(3).  The  ductility  at  77  deg.  F.  should  be  not  less  than  15  era.  and 
should  be  as  great  as  possible.  There  are  several  reasons  for  this.  An 
.  asphalt  With  a  low  "susceptibility  ratio"  can  be  produced,  as  has  been 
ascertained,  by  the  oxidizing  process  only.  This  process  must  be  conducted 
with  great  care  since,  if  an  asphalt  is  over  oxidized  it  may  for  a  short 
period  after  being  manufactured,  appear  to  exhibit  the  required  properties, 
but  be  subject  thereafter  to  a  rapid  disintegration  which  changes  it  into  a 
"cheesey"  substance  entirely  devoid  of  waterproofing  value.  It  is  not 
believed  possible  to  over  oxidize  an  asphalt  and  still  retain  the  minimum 
ductility  mentioned.  Adhesion  to  the  concrete  and  to  the  membrane  is 
undoubtedly  of  great  importance ;  since  the  ductility  is  perhaps  the  best 
gage  of  the  adhesive  value  of  the  material,  it  should  be  as  high  as  possible 
consistent  with  the  penetration  requirements.  This  statement  is  applicable 
regardless  of  temperature,  but  it  is  even  more  important  at  low  temperature 
than  at  high  ;  a  ductility  of  at  least  3  cm.  at  40  deg.  F.  is  desirable. 

(4).  The  losses  in  weight  and  in  penetration  through  heating  for  five 
hours  at  325  deg.  F.  should  be  a  minimum — not  more  than  1  per  cent  and 
25  per  cent,  respectively.  This  test  is  an  accelerated  aging  test  and  is 
intended  to  insure  the  durability  of  an  asphalt.  The  desirability,  therefore, 
of  a  material  undergoing  a  minimum  ch-ange  when  subjecteded  to  it  is 
manifest. 

From  a  waterproofing  standpoint  these  tests,  it  is  believed,  comprise 
all  the  important  tests  prescribed  by  the  two  organizations  mentioned,  but 
it  is  to  be  noted  that  they  have  a  significance  only  when  construed  to- 
gether,— that  no  correct  conclusion  can  be  drawn  from  any  one  or  from 
several  of  them  unless  all  are  included. 

Bidders  should  be  required  to  submit  samples  of  the  material  they 
propose  to  furnish,  with  a  statement  from  a  reliable  testing  laboratory 
that  they  comply  with  the   above  requirements;    the  materials  delivered 


Highway  Bridges  and  Culverts.  233 

to  the  job  should  be  tested  at  least  two  weeks  prior  to  their  use.  Samples 
should  be  taken  from  each  car  load  of  materials  delivered  on  the  work, 
and  tested  in  similar  manner. 

The  function  of  the  membrane  is  to  hold  the  bitumen  in  place  and  to 
reinforce  the  blanket.  It  seems  desirable  to  thoroughly  impregnate  the 
membrane  with  the  waterproofing  asphalt  to  preclude  a  possible  chemical 
action  with  unlike  materials.  Tests  of  all  membranes  show  greater  strength 
after  treatment  than  before.  There  is  a  possibility  of  reduction  in 
strength,  if  membrane  is  burned  in  process  of  saturation.  Elasticity, 
flexibility,  tensile  strength,  durability  and  bond  strength  with  the  asphalt 
are  essential  characteristics  to  be  considered  in  selection  of  the  membrane 
reinforcement. 

Waterproofing  Details  of  Design. — Plans  should  show  full  detail  of 
the  waterproofing  system,  including  provisions  for  flashing  ends  of  the 
membrane,  for  folding  membrane  at  expansion  joints  to  guard  against 
fracture  due  to  excessive  movement  and  for  flashing  at  the  down-spouts. 
Plans  should  avoid  the  fastening  of  street  car  rails  with  anchor  bolts  to 
the  floor  in  an  endeavor  to  eliminate  the  tie  since  much  trouble  has 
resulted  by  reason  of  this  detail,  which  arrangement  prohibits  a  positive 
continuous  waterproofing  blanket.  If  possible,  the  waterproofing  mem- 
brane should  not  be  terminated  on  face  of  curb  in  the  gutter,  as  this  places 
the  termination  at  the  point  of  almost  perpetual  dampness.  'Several  suc- 
cessful schemes  covering  usual  conditions  of  design  are  illustrated  in 
Figs.  1  and  2. 

Preparation  of  Surface. — All  concrete  surfaces  to  be  waterproofed 
should  be  carefully  floated  to  a  smooth  surface,  embedding  or  removing 
such  large  projecting  aggregate  that  might  puncture  the  membrane. 

Clean  surface  thoroughly  by  use  of  a  stiff"  corn  broom  followed  by  a 
soft  broom  for  removal  of  dust  and  finer  particles.  It  is  desirable  to  have 
the  surface  perfectly  dry,  but  a  little  dampness  or  even  a  slight  greenness 
of  concrete  will  be  allowable  when  the  saving  of  time  is  an  important 
element. 

Protection  of  Memhrane. — The  waterproofing  membrane  should  be 
protected,  in  the  case  of  a  barrel  arch  supporting  earth  fill,  by  a  li/^  in. 
layer  of  1 :  3  cement-sand  mortar  or  by  a  layer  of  common  brick  laid  with 
open  joints,  filled  with  cement  or  asphalt  or  by  any  other  equivalent  pro- 
tection. This  protection  should  be  applied  immediately  after  the  water- 
proofing has  been  laid  to  prevent  it  from  being  punctured  by  subsequent 
construction  operation.  An  asphalt  pavement  never  should  be  applied 
directly  over  a  waterproofing  blanket,  as  subsequent  repairs  to  pavement 
could  not  be  made  without  puncturing  the  membrane;  here  is  another 
function  of  the  protection  coat.  Vertical  wall  work  in  contact  with  back 
fill  is  protected  by  one-half  inch  plaster  coating  which  can  be  made  to 
adhere  readily  to  the  asphaltic  surface. 
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Expansion  Joints. — Since  the  coefficients  of  expansion  of  steel  and 
concrete  respectively  are  approximately  equal,  reinforced-concrete  struc- 
tures of  appreciable  size  require  expansion  joints  in  manner  similar  to 
practice  controlling  steel  design.  By  reason  of  the  tensile  strength  of 
built  up  sections  of  a  steel  member,  structural  steel  carries  the  stress  due 
to  temperature  changes  over  greater  lengths  without  rupture,  than  the 
less  elastic  reinforced-concrete  section.  Therefore,  it  is  necessary  to  place 
expansion  joints  in  concrete  construction  at  even  closer  intervals  than 
would  be  necessary  in  steel  structure  of  similar  magnitude. 

In  concrete  structures  the  distance  apart  of  these  joints  depends  iipon 
the  type  of   structures   and   no   specific   recommendations   relative  thereto 
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FIG.    2. — DETAILS   OF  EXPANSION   JOINTS   THROUGH   SIDEWALK. 


can  safely  be  given.  Recommendations  covering  general  considerations  can 
be  made,  however,  that  will  give  good  index  to  conclusions  for  the  varying 
conditions  encountered  in  concrete  design. 

Broadly  speaking,  there  are  three  types  of  highway  bridge  design 
requiring  expansion  joints;  first,  the  arch  type  with  superstructure  com- 
posed of  transverse  or  longitudinal  walls  supporting  a  floor  system  or 
with  back  fill  of  earth  where  the  sidewalk  construction  is  cantilevered 
from  a  parapet  wall;  second,  the  T-beam  or  rectangular  slab  design  sup- 
ported on  columns  or  bents;  third,  the  multiple  way  reinforced'  flat  slab 
structure  on  columns.  The  latter  type  has  not  been  extensively  used  but 
there  is  a  wide  field  for  its  application. 
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In  the  development  of  expansion  joint  details  the  following  considera- 
tions should  be  borne  in  mind.  In  the  arch  type  with  superstructure, 
expansion  joints  in  the  superstructure  must  provide  for  movement  in  both 
a  vertical  and  horizontal  direction — up  and  down  for  rise  and  fall  of  the 
arch  ring  and  in  a  horizontal  direction  due  to  elemental  changes  of  length 
in  the  various  members  of  the  floor  system.  Where  transition  for  these 
non-concurrent  movements  from  one  section  to  another  is  attempted  in  the 
superstructiire  by  sliding  or  vertical  surfaces  in  contact,  there  is  the 
imminent  danger  of  a  shearing  failure  in  these  sections  in  contact  caused 
by  excess  of  frictional  or  tortional  action  over  the  strength  of  the  section 
in  shear.  The  cantilever  joint  shown  in  Fig.  1  has  been  found  to  circum- 
vent such  a  failure.     The  floor  beams  and  slab  of  a  particular  span  of 


FIG.   3. AN  EXAMPLE  OF  A  LIGHT   GIKDEK  BRIDGE  OF   CONCRETE. 


superstructure  are  cantilevered  from  columns  or  bents  to  form  a  clear  cut 
opening  at  the  center  of  the  span,  providing  free  action  in  either  horizontal 
or  vertical  direction.  Joints  placed  at  the  quarter  points  of  the  span, 
approximately  at  the  point  of  contrafiexure  in  the  arch  ring,  and  at  the 
pilasters  adjacent  to  the  piers  have  proved  successful  for  spans  of  90  to 
200  ft.  This  arrangement  divides  the  floor  system  over  each  arch  in  three 
sections  and  eliminates  an  extremely  large  moment  in  the  floor  system 
over  the  haunch  of  tb«  arch  due  to  a  maximum  vertical  movement  at 
crown  of  arch.  The  amount  of  moment  or  tension  in  the  floor  system  due 
to  vertical  movement  of  the  main  arch  ring  varies  with  the  ratio  of  rise 
to  span;  the  flat  segmental  arch  causes  greater  moment  than  the  semi- 
circular arch  of  equal  span.  The  principle  or  effect  of  the  cantilever  joint 
in  floor  system  can  be  secured  in  the  parapet  Avail  construction  of  a  barrel 
arch  supporting  earth  fill,  by  vertical  .joint  through  the  walls  and  side- 
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walk  as  shown  in  Fig.  2;  here  two  separate  abuting  counterforts  and 
cantilever  beams  take  end  reactions. 

For  the  second  type,  the  T-beam  or  rectangular  slab  design  supported 
on  columns  or  <bents,  the  action  to  be  controlled  is  in  the  horizontal  direc- 
tion only.  In  the  T-beam  type  there  arises  the  difficulty  of  transferring 
the  movement  due  to  temperature  changes  from  the  larger  through  the 
smaller  members  as  from  the  deep  beams  through  the  slabs.  Regardless 
of  the  length  of  structure  the  slab  should  be  substantially  reinforced  in 
transverse  direction  to  distribute  stress  or  prevent  a  cumulative  strain  at 
cnange  of  sections.  The  usual  T-beam  type  as  exemplified  by  Fig.  3  has 
been  built  in  total  length  of  179  ft.;  this  structure  has  four  25  ft.  and 
two  30  ft.  10  in.  spans  without  an  expansion  joint. 

The  ratio  of  span  length  to  height  of  columns  or  bents  should  be  taken 
into  consideration.     Fig.   4  shows  T-beam  bridge  of  six  50  ft.  spans  and 


FIG.  4. — MILWAUKEE  ROAD  BRIDGE,  LACKAAVANNA  R.  R.,   NEAR 
CLARK'S    SUMMIT,   PA. 


two  40  ft.  spans ;  maximum  height  of  the  structure  is  50  ft.  To  incorporate 
a  sliding  joint  for  spans  of  this  length  would  require  heavy  bents  or  piers. 
In  this  case  a  double  row  of  columns  was  used  to  take  the  end  reactions, 
cutting  the  structure  in  three  separate  and  distinct  divisions.  The  stress 
resulting  from  the  movement  of  150  ft.  section  is  taken  by  bending  or 
slight  flexure  of  the  columns.  Each  beam  is  supported  directly  on  column, 
thus  eliminating  a  heavy  beam  cap  over  the  columns.  Fig.  5  shows  failure 
of  tar  paper  lined  expansion  joint  where  irregular  construction  caused 
frictional  resistance  to  exceed  shearing  strength  of  the  pier  cap. 

For  sliding  joints,  plates  of  steel,  copper,  zinc  or  lead  and  multiple 
layers  of  fabrics  or  combination  of  these  different  plates  have  been  used  to 
reduce  friction  resistance.  Where  the  bearing  covers  a  wide  area  there  is  the 
danger,  if  heavy  plates  are  not  used,  that  the  sliding  medium  or  plate 
will  conform  to  a  possible  uneven  surface  of  a  bridge  seat  and  cause  a 
eract  similar  to  one  shown  in  Fig.  5.     Therefore,  great  care  must  be  exer- 
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cised  in  preparation  of  the  sliding  joint,  or  bridge  seat,  as  it  is  generally 
called. 

The  third  type,  the  flat-slab  construction,  can  be  built  in  greater 
lengths  between  expansion  joints  than  either  of  the  preceding  types. 
Because  of  the  uniform  cross  section  everywhere  of  both  concrete  and  steel, 
the.  slab  offers  better  resistance  to  temperature  changes,  the  movement 
being  distributed  more  uniformly  throughout  its  entire  length.  Expansion 
joints  in  this  construction  are  formed  by  double  row  of  columns,  and  have 


FIG.   5. — CKACKS  THKOUGH  BRIDGE  PEDESTAL. 


been  placed  418  ft.  apart  in  structure  over  railroad  tracks  where  close 
lateral  clearances  precluded  double  row  of  columns.  A  length  not  exceeding 
250  ft.  would  be  better  practice. 

Construction  Joints. — Plans  should  show  distinctly  the  location  of  pos- 
sible construction  joints.  This  detail  is  a  decided  help  to  the  contractor, 
enabling  a  more  intelligent  analysis  of  the  construction  problems  and 
avoids  confusion  and  misunderstanding  during  the  progress  of  the  work. 
The  designer,  in  arranging  the  location  of  these  joints,  should  bear  in 
mind  and  be  able  to  judge  the  capacity  of  plant  required  commensurate 
with  the  magnitude  of  the  work.     For  example,   if  a  one-yard  mixer  is 
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sufficient,  the  average  volume  of  concrete  for  an  8  hour  operation  would 
be  approximately  160  cu.  yd.,  an  average  of  a  batch  every  three  minutes. 
It  is  possible  to  exceed  this  by  40  cu.  yd.,  but  operation  is  without  inter- 
ruption. Therefore,  any  larger  section  poured  in  continuous  operation 
would  require  overtime  or  double  shift. 

The  lengths  of  reinforcing  rods  should'  be  predetermined  so  that  no 
excessive  length  of  dangling  rods  project  beyond  the  construction  joint  to 
make  the  placing  of  the  concrete  a  very  difficult  operation.  The  projecting 
lengths  beyond  the  bulkhead  forming  construction  joint  should  be  long 
enough  to  develop  bond  strength  with  the  next  lift  of  bars.  In  beam  or 
slab  construction,  the  joint  is  placed  at  point  of  least  shear  or  maximum 
moment.  No  lap  of  bars  should  be  made  at  this  point  unless  absolutely 
necessary;  then  in  addition  to  the  usual  lap  to  develop  bond  strength  the 
bars  should  be  clamped  together  by  mechanical  means. 

Construction  joints  for  gravity  wall  work  should  not  be  placed  at 
greater  intervals  than  30  ft.  By  addition  of  temperature  steel  in  rein- 
forced walls,  they  can  be  poured  with  safety  in  sections  50  ft.  in  length. 
Gravity  walls  should  be  built  preferably  in  one  operation  from  footing 
course  to  the  underside  of  the  coping,  and  this  nlay  shorten  the  length  of 
the  section  in  order  that  the  capacity  of  the  plant  is  not  exceeded.  Vertical 
joints  in  wall  construction  are  far  more  desirable  than  the  horizontal  joint 
which  usually  develops  into  an  unsightly  crack  by  reason  of  the  formation 
of  an  efflorescence  and  gradual  surface  disintegration  in  spite  of  extreme 
precautions  in  removal  of  sludge  and  cleaning  the  joint  before  the  subse- 
quent operation.  It  is  good  practice  to  dovetail  adjoining  vertical  sections 
by  form  insert  and  to  further  seal  the  joint  against  percolation  of  drain- 
age by  painting  first  exposed  surface  with  heavy  coat  of  asphalt.  If  back 
fill  carries  considerable  water  embed  copper  flashing  in  the  joint  in  addi- 
tion to  the  above  precautions.  Before  placing  the  copper  strip  punch  ends 
to  be  embedded  with  holes  2  to  3  in.  in  diameter  to  insure  good  bond. 
The  center  of  the  copper  strip  should  be  crimped  with  1-in.  "V"  to  allow 
for  movement  at  the  joint. 

Avoid  placing  construction  joints  at  sidewalk  level  or  along  plane  or 
extrados  of  a  barrel  arch  or  any  other  plane  where  water  is  liable  to  be 
concentrated.  In  Fig.  1,  the  coping  was  carried  above  the  sidewalk  level 
simultaneously  with  sidewalk  construction  without  measurably  increasing 
the  cost  of  construction.  The  same  figure  shows  a  curb  section  built  with 
the  arch  ring.  In  event  of  the  failure  of  the  waterproofing  blanket  th^re 
is  no  concentration  of  water  at  the  construction  joint.  The  figure  also 
shows  other  construction  joints  and  how  the  waterproofing  membrane  was 
positively  flashed  and  lines  of  termination  sealed  by  application  of  water- 
proofing preceding  the  pouring  of  sidewalk  and  curb.  These  are  problems 
of  drainage,  waterproofing  and  construction  joints  that  show  correlation 
of  consideration. 

In  long  span  arch  rib  construction,  the  arch  can  be  divided  into 
voussoirs  or  blocks  and  keys  as  shown  in  Fig.  1,  the  sections  being  poured 
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in  numerical  order  indicated.  This  arrangement  precludes  continuous  work 
over  8  hours  for  an  average  mixing  plant  that  would  probably  meet  the 
conditions  of  construction  of  the  remaining  part  of  the  structure;  the 
arrangement  has  another  value  in  the  uniform  loading  of  the  centering  and 
the  maximum  development  of  shrinkage  of  the  concrete  before  the  keys 
are  poured.  Barrel  arches  which  are  limited  in  span  as  compared  with 
the  rib  arch,  usually  not  exceeding  100  ft.  span,  can  be  poured  continuously 
from  skewbacks  carrying  the  work  simultaneously  from  both  ends  to  the 
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FIG.    6. — DETAILS   OF   CONSTRUCTION   JOINTS   IN   A   SKEW  ARCH. 


The  action  of  a  skew  arch  is  a  much  mooted  question.  The  safe 
design  of  a  skew  arch  depends  largely  on  the  manner  in  which  construction 
joints  are  fixed.  Skew  arches  are  designed  on  the  skew  span  measured 
along  the  longitudinal  axis  of  the  bridge.  The  piers  and  the  abutments 
should  be  proportioned  in  the  same  manner.  Therefore,  the  arches  should 
he  built  in  laminae  parallel  with  the  face  or  center  line  of  the  bridge. 
The  skewbacks  of  the  abutments  and  piers  should  be  a  series  of  offseted 
planes  set  radially  with  skew  axis  to  take  normal  thrust  of  the  al'ch. 
(See  Fig.  6.)  If  construction  joints  are  necessary  in  skew  arch  barrel  in 
transverse  direction  they  should  be  fixed  in  manner  similar  to  skewback 
of  the  abutment.  The  main  arch  reinforcement  should  be  placed  parallel 
with   longitudinal   axis  of   tlie  arch.      Following  .these   recommendations  ia 
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highway  arch  has  been  built  on  compact  earth  foundation  on  skew  of  45 
deg.,  span  83  ft.  3  in.,  rise  16  ft.,  and  width,  face  to  face  of  parapet  walls, 
22  ft. 

The  committee  will  have  for  consideration  in  formulating  report  for 
the  next  convention,  a  thorough  study  and  investigation  of  the  action  of 
skew  arches.  Preliminary  information  concerning  this  work  indicates  that 
the  arch  thrust  is  not  nearly  uniform  along  the  abutment,  being  very  much 
heavier  near  the  obtuse  angle  of  the  bridge.  In  some  cases  it  was  found 
to  be  negative  at  the  acute  angle.  Then  to  avoid  this  eccentric  pressure 
it  would  seem  imperative  to  eliminate  absolutely  any  transverse  joints 
and  to  specify  construction  of  the  arch  ring  in  comparatively  narrow 
laminae  as  measured  by  the  length  of  span.  In  this  manner  there  could 
be  no  transfer  or  concentration  of  load  to  element  of  the  shortest  span 
length. 

Drainage. — The  outstanding  consideration  in  detail  of  drainage  of  a 
bridge  floor  is  to  lead  the  water  to  down-spouts  placed  at  close  intervals 
so  that  no  large  amount  of  water  is  carried  over  long  distances  or  no  large 
amount  of  water  led  to  a  single  down-spout  which  would  tend  to  choke 
up  by  ice  formation  in  freezing  weather.  If  possible,  dykes  should  be  built 
integrally  with  the  floor  slab  adjacent  to  the  expansion  joint,  and  the 
floor  ramped  away  therefrom  by  grade  to  down-spouts  placed  apart  from 
the  joint.  An  objection  often  given  to  expansion  joints  is  the  difficulty  in 
making  them  watertight.  By  effective  placement  of  copper  flashing,  by 
carrying  membrane  continuously  over  the  joint  and  by  further  protection 
of  plates,  as  shown  in  Fig.  1,  the  expansion  joint  can  be  made  absolutely 
watertight.  In  sidewalk  and  coping  construction  above  the  floor,  copper 
flashing  has  been  used  effectively  in  the  construction  joints  not  fully  pro- 
tected by  the  membrane  seepage  followed  by  slight  unsightly  surface 
disintegration. 

Avoid  placing  down-spouts  in  concrete  sections  without  due  regard  for 
the  expansion  of  a  metal  drain  pipe;  this  consideration  has  been  satisfied 
by  wrapping  pipe  with  several  plies  of  tar  paper. 

Avoid  placing  outlet  of  drain  where  the  drip  will  pour  over  a  concrete 
surface  or  overhead  where  icicle  formation  will  endanger  life.  It  has  been 
found  that  formation  of  icicles  can  be  prevented  to  a  large  extent  by 
placing  perforated  copper  baskets  filled  with  rock  salt  at  the  top  of  each 
drain  pipe. 

In  all  retaining  wall  construction  place  weep  holes  at  ground  level 
to  drain  back  fill.  In  case  of  the  back  fill  carrying  unusual  amount  of 
water,  trench  drains  have  been  built  up  around  the  weep  holes  to  facilitate 
free  flow  of  drainage.  Special  attention  should  be  given  to  the  drainage 
of  U  shaped  abutments.  There  is  a  tendency  in  determining  the  size  of 
weep  hole  or  drains  to  flx  the  size  by  actual  amount  of  water  to  be  carried. 
These  should  be  made  exceptionally  large  to  avoid  being  clogged  by  dirt, 
and  if  so,  that  they  might  readily  be  cleaned. 


242 


Highway  Bridges  and  Culverts. 


Conclusion. — The  importance  of  these  details  cannot  be  over  estimated. 
The  technical  press  has  recently  reported  several  complete  failures  of 
surface  disintegrations,  due,  no  doubt,  in  some  measure,  to  inadequate 
provision  in  design  of  these  all  important  considerations.  Concrete  offers 
many  advantages  over  structural  steel  in  bridge  design,  and  these  advan- 
tages can  be  lost  or  enlarged  upon,  depending  on  the  amount  of  progress 
laade  in  correlating  problem  of  waterproofing,  expansion,  and  construction 
joints  and  drainage. 
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REPORT  OF  COMMITTEE  S-5,  ON  REINFORCED-CONCRETE 

HOUSES. 

The -■  report  of  the  Committee  consists  of  the  following  "Recommended 
Practice  for  Concrete  House  Construction." 

Emile   G.  Perrot,   Chairman. 


RECOMMENDED  PRACTICE   FOR   CONCRETE  HOUSE 
CONSTRUCTION 

Section  1.  This  recommended  practice  shall  apply  to  the  construction 
of  houses  not  over  three  stories  in  height  and  not  exceeding  32  ft.  in  height 
between  top  of  first  floor  and  under  side  of  third  floor  ceiling. 

Basement  and  Foundation  Walls 

Section  2.  (a.)  Monolithic  Walls:  Basement  and  foundation  walls  of 
monolithic  concrete  shall  be  not  less  than  8  in.  in  thickness  and  shall  be 
supported  on  a  concrete  footing  or  basement  floor  sufficient  to  prevent  set- 
tlement of  the  building.  The  monolithic  character  of  a  concrete  wall  may 
be  assumed  as  effective  in  distributing  concentrated  loads  in  determining 
the  required  bearing  area  on  the  soil.  In  analyzing  the  ability  of  base- 
ment walls  to  resist  the  horizontal  pressure  of  the  earth,  the  weight  of  the 
superstructure  shall  be  considered  as  a  vertical  force  against  over-turning. 

(b)  Precast  Units:  Basement  walls  of  precast  units  equal  in  length 
to  the  height  of  basement  and  anchored  at  the  bottom  to  footing,  or  base- 
ment floor,  and  at  the  top  to  first  floor,  construction  shall  be  not  less  than 
8  in.  thick,  if  of  plain  concrete,  and  if  reinforced  concrete  they  shall  be 
designed  to  carry  the  vertical  loads  plus  a  horizontal  earth  pressure  equiva- 
lent to  the  hydrostatic  pressure  of  a  liquid  weighing  50  lb.  per  cu.  ft. 
These  units  shall  conform  in  quality  of  concrete  and  absorption  require- 
ments to  the  Specifications  and  Building  Regulations  of  the  American 
Concrete  Institute  now  in  force. 

(c)  Concrete  Block,  Brick  or  Tile:  The  thickness  of  basement  walls 
of  concrete  hollow  block,  brick  or  tile  shall  be  not  less  than  8  in.  and  shall 
be  at  least  1  in.  thicker  than  the  thickness  of  the  outside  wall  of  first  story 
of  superstructure.  Concrete  block  or  tile  used  for  basement  walls  shall 
conform  to  the  requirements  of  the  report  of  Committee  P-1  for  1922, 
American  Concrete  Institute. 

(d)  Filler  Walls  Beticeen  Columns  or  Piers:  Concrete  slabs  used  as 
filler  walls  between  columns  or  piers  shall  be  designed  for  the  moment  pro- 
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duced  by  earth  pressure  assumed  to  be  horizontal   and  amounting  to  the 
hydrostatic  pressure  of  a  liquid  weighing  50  lb.  per  cu.  ft. 

Walls  of  Supekstructuee 

Section  3.  (a)-  Monolithic  Walls:  Single,  solid  exterior  bearing  walls 
of  plain  concrete  shall  be  not  less  than  6  in.  thick.  Solid  walls  having  0.2 
per  cent  or  less  reinforcement  shall  be  considered  as  plain  concrete  and 
walls  containing  reinforcing  steel  in  excess  of  0.2  per  cent  shall  be  con- 
sidered as  reinforced  concrete  and  shall  be  designed  for  a  uniform  wind 
load  of  25  lb.  per  sq.  ft.  on  the  vertical  projection  of  exposed  surface.  The 
thickness  of  each  wall  of  double  plain  concrete  bearing  walls  shall  be  not 
less  than  4  in.  and  if  greater  thickness  is  needed  to  carry  the  loads,  posi- 
tive means  shall  be  provided  to  transmit  the  loads  to  both  walls,  or  the 
thickness  of  the  interior  wall  shall  be  increased. 

(6)  Curtain  Walls:  Exterior  walls  which  act  merely  as  curtain  walls 
in  a  reinforced-eoncrete  framework  shall  be  designed  to  withstand  a  wind 
pressure  of  25  lb.  per  sq.  ft.  on  exposed  surface.  Reinforced-eoncrete  cur- 
tain walls  may  be  constructed  by  hand  plastering  and  back-plastering  on 
expanded  metal  or  wire  mesh  reinforcement  or  by  mechanical  means  of 
placing  concrete  or  stucco. 

(c)  Partition  Walls:  Partition  walls  may  be  of  plain  concrete  4  in. 
thick  cast  in  place  or  of  precast  units  having  a  compressive  strength  of 
at  least  500  lb.  per  sq.  in.  on  the  gross  area  of  the  unit  or  constructed 
by  plastering  and  back-plastering  on  metal  lath  attached  to  the  floor 
above  and  below. 

(d)  Load  Carrying  Precast  Units:  Reinforced-eoncrete  structural 
units  which  act  at  the  same  time  as  load  carrying  elements  and  enclosing 
members'  shall  be  proportioned  according  to  accepted  engineering  design 
to  carry  both  vertical  Slid  horizontal  loads.  Exterior  bearing  walls  of  large 
precast  units  having  a  length  equal  to  story  height,  bonded  together  by 
registering  or  interlocking  projections  and  depressions,  grouted  in  place, 
shall  be  not  less  than  6  in.  thick,  or  the  vinits  shall  be  reinforced  to  carry 
both  vertical  and  wind  loads  in  accordance  with  accepted  principles  of 
engineering  design.  Large  or  small  reinforced-eoncrete  units  connected 
on  two  opposite  edges  to  structural  members  designed  to  carry  all  loads 
to  foundations  originating  from  the  weight  of  the  building,  or  from  wind 
pressure,  shall  have  dimensions  and  reinforcement  determined  bj^  the  bend- 
ing stresses  produced  by  wind  pressure  of  25  lb.  per  sq.  ft.  on  exposed 
surface. 

(ej  Conc^-ete  Hollow  Block,  Brick  or  Tile:  The  following  table  shall 
govern  the  thickness  of  superstructure  walls  of  concrete  hollow  block,  con- 
crete brick  or  concrete  tile : 
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Wall  Thickness  in  Inches 
For  Concrete  Hollow  Block,  Concrete  Brick  and 
Concrete  Tile 
No.  of 
Stories  Basement  1st  Story  2nd  Story  3rd  Story 


1 

8 

8 

2 

10 

8 

8 

3 

12 

10 

8 

,  (f)  Solid  Concrete  Exterior  Walls  shall  be  furnished  with  furring  on 
the  inside  so  as  to  produce  an  insulating  air  space  between  the  interior 
finish  and  the  concrete  wall.  Concrete  walls  which  provide  a  continuous 
dead  air  space  within  the  wall  may  be  finished  without  further  pro- 
vision for  insulation. 

Flooes 

Section  4.  Floors  shall  be  designed  to  carry  a  live  load  of  40  lb.  per 
sq.  ft.  uniformly  distributed,  in  addition  to  the  dead  load.     See  Section  7. 

Roofs 

Section  5.  (a)  Flat  concrete  roofs  shall  be,  designed  to  carry  the 
dead  weight  of  the  roof  and  25  lb.  per  sq.  ft.  additional  for  houses  con- 
structed in  climates  subject  to  heavy  snowfall.  Sloping  roofs  shall  be 
designed  for  25  lb.  per  sq.  ft.  on  the  vertical  projections  of  the  roof  surface 
exposed  to  the  wind. 

(6)  Concrete  roofs  without  other  covering  shall  be  constructed  of 
non-porous  aggregates  so  graded  as  to  produce  a  dense,  impervious  con- 
crete. For  additional  assurance  of  watertight  construction,  waterproofing 
compounds  may  be  used.  Reinforcement  to  the  amount  of  at  least  0.2  per 
cent  shall  be  placed  in  the  top  portion  of  uncovered  roof  slabs  to  resist 
the  temperature  stresses. 

Materials' 

Section  6.  (a)  Only  standard  portland  cement,  which  meets  the  re- 
quirements of  the  Standard  Specifications  for  Cement  of  the  American 
Society  for  Testing  Materials,  as  of  Jan.  1,  1921,  with  subsequent  amend- 
ments thereto  shall  be  used  in  the  construction  of  concrete  houses. 

(6)  Aggregates  shall  be  clean  material,  free  from  injurious  amounts 
of  dust,  ashes,  lumps  of  coal,  vegetable  loam  and  organic  matter. 

(c)  Cinders  may  be  used  as  a  coarse  aggregate  for  partitions  and  for 
exterior  walls,  providing  tests  show  the  resulting  concrete  will  average  a 
compressive  strength  of  ten  times  the  computed  loads  to  which  it  will  be 
subjected.  Cinders  shall  be  composed  of  hard,  clean,  vitreous  clinker,  free 
from  unburned  coal  and  ashes  and  from  injurious  amounts  of  sulphur. 
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(d)  Slag  used  for  coarse  aggregate  shall  be  clean,  dense,  air-cooled 
blast  furnace  slag  containing  not  more  than  2  per  cent  of  sulphur. 

(e)  Bars  used  for  reinforcement  shall  conform  to  the  requirements  of 
the  Specifications  of  the  American  Society  for  Testing  Materials  for  Con- 
crete Reinforcing  Bars  in  effect  Jan.  1,  1921,  with  subsequent  amendments 
thereto.  Cold  drawn  steel  wire,  made  from  billets,  may  be  used  in  floor 
and  roof  slabs,  column  hooping  and  for  temperature  and  shrinkage  stresses. 
Wire  mesh  or  expanded  metal  may  be  used  for  its  full  cross-sectional  value 
to  resist  stresses,  providing  its  component  parts  meet  the  requirements 
for  tests  for  concrete  reinforcement  bars  of  the  American  Society  for 
Testing  Materials. 

(/)  The  water  used  in  mixing  concrete  shall  be  free  from  oil,  acid, 
alkalies  and  organic  matter. 

DEvSIGN 

Section  7.  The  design  of  floors,  roofs,  beams,  girders  and  columns 
shall  be  governed  by  Section  4 — "Design,"  of  the  American  Concrete  Insti- 
tute Standard  Specifications  No.  23. 

Construction 

Section  8.  (a)  Reinforcement  shall  be  properly  located  and  secured 
against  displacement  during  the  placing  of  the  concrete.  This  is  to  be 
accomplished  by  some  positive  mechanical  device  locking  the  reinforcement 
in  a  predetermined  position. 

(5)  Machine  mixing  is  to  be  "preferred,  but  where  it  is  necessary  to 
mix  by  hand,  all  ingredients  shall  be  turned  together  until  the  mass  is 
homogeneous  in  appearance  and  color.  Hand  mixing  shall  be  done  without 
losing  an  appreciable  amount  of  mortar.  A  small  batch  mixer  is  most 
satisfactory.    The  materials  shall  remain  in  the  mixer  at  least  one  minute. 

(c)  Only  enough  water  shall  be  used  to  produce  a  consistency  such 
that  the  concrete  will  flow  sluggishly  into  the  forms  and  around  the  rein- 
forcement without  separation  of  the  aggregates  from  the  mortar.  Where 
the  system  of  forms  is  such  as  to  require  the  removal  of  the  forms  imme- 
diately after  pouring  the  concrete,  a  dry  mix  is  permissible,  if  the  concrete 
is  thoroughly  tamped  into  the  forms — the  exterior  surface  of  such  a  wall 
to  be  finished  with  a  stucco.  ,  Concrete  shall  be  protected  against  rapid 
dTying  out  and  shall  be  protected  against  freezing  until  it  has  hardened 
for  at  least  ten  days  in  a  temperature  not  less  than  50  d'eg.  Fahr.  Con- 
crete shall  be  deposited  in  the  forms  not  more  than  thirty  minutes  after 
mixing. 

(d)  Forms  shall  be  substantial  and  sufficiently  tight  to  prevent  leak- 
age of  more  than  one  per  cent  of  the  mortar.  They  shall  not  be  removed 
until  the  concrete  has  hardened  sufficiently  to  sustain  without  injury  to 
the  concrete  the  loads  that  will  come  upon  it.  Window  and  door  frames 
may  be  set  in  the  forms  and  the  concrete  cast  around  them.     Wooden 
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frames  should  be  well  primed  and  should'  be  anchored  to  the  concrete  by 
means  of  long  spikes  or  bolts.  They  should  be  braced  against  distortion 
from  the  pressure  of  fresh  concrete. 

(e)  Back-filling  on  the  outside  of  basement  walls  shall  not  be  done 
until  at  least  75  per  cent  of  the  dead-load  of  the  superstructure  has  been 
placed  upon  the  walls.  Back-filling  shall  be  placed  in  layers  and  rammed 
and  no  large  lumps  or  stones  shall  be  used. 


DISCUSSION. 

Mr.  Ferguson.  J.  A.  FERGUSON. — The  first  page  of  this  year's  progress  report  of  Com- 

mittee S-5  bears  two  captions.  The  title  of  the  Committee  is  "Committee 
S-5,  on  Reinforced-Concrete  Houses."  The  caption  for  the  progress  report 
is  "Recommended  Practice  for  Concrete  House  Construction." 

There  is  no  committee  of  the  Institute  whose  work  is  to  provide  com- 
plete and  well  organized  information  in  connection  with  concrete  house 
construction,  but  rather  several  committees  all  dealing  in  a  somewhat 
unrelated  way  with  different  phases  of  the  main  subject.  I  simply  wish 
to  present  here  a  broader  plan  for  the  work  of  the  Institute  in  connection 
with  concrete  house  construction.  I  would  like  to  suggest  that  the  name 
of  this  committee  be  changed  so  as  to  include  all  phases  of  the  subject, 
and  that  it  would  meet  a  very  real  need  of  builders  to  draft,  as  quickly  as 
may  be,  a  "Recommended  Practice  for  Concrete  House  Construction." 

I  wish  to  submit  a  plan  to  the  Institute  for  a  recommended  practice 
for  concrete  house  construction.  This  plan  is  intended  to  cover  the  whole 
subject  including  all  standards  of  the  Institute  for  any  building  unit 
entering  into  the  construction;  also  a  description  of  the  various  problems 
to  be  met  with  in  house  construction;  a  recommended  method  of  solving 
these  problems  and  any  and  all  information  that  would  make  the  report 
of  service  to'  architects,  engineers,  bviilders,  owners,  and  manufacturers  of 
building  materials.  The  outline  of  this  proposed  report  given  in  the  fol- 
lowing will  indicate  the  character  and  amount  of  information  which  it  is 
recommended  this  report  should  contain: 

First,  the  report  should  be  entitled  "Recommended  Practice  For  Con- 
crete House  Construction." 

Section  1  should  contain  a  statement  of  the  scope  of  the  report  to- 
gether with  definitions  of  the  several  types  of  dwelling  houses,  the  standard 
practice  for  the  construction  of  which  is  recommended  in  the  report. 

Section  2  should  contain  a  carefully  worked  out  essay  upon  the  plan- 
ning of  the  home;  this  section  should  be  drafted  by  architectural  experts, 
illustrated  by  plans  and  sketches  and  criticisms  or  suggestions  offered  by 
all  who  are  familiar  with  the  subject.  It  should  be  complete,  illustrating 
all  forms  of  construction  and  efficient  methods  as  well  for  the  usefulness 
and  comfort  derived  from  the  several  types  of  buildings  as  for  their  prac- 
ticability and  reasonableness  of  cost. 

This  essay  should  also  contain  a  complete  description  of  the  methods 
by  which  beauty  and  grace  are  to  be  obtained,  monotony  and  sameness 
of  repeated  structures  prevented  and  how  a  distinctive  type  of  con- 
crete dwelling  houses  may  be  developed  that  will  be  attractive  and  pretty, 
while  at  the  same  time  have  a  reasonable  cost.  At  this  point  the  speaker 
would  like  to  state  that  so  far  the  ingenuity  of  architects  has  developed 
very  few  houses,  which  to  his  eye  would  make  a  pleasing  liome.  Invariably 
the  form  of  building  is  plain,  rectangular,  barren  of   line  and  ornament 
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except  for  certain  rude  and  really  ugly  features.     I  know  that  pretty  and    Mr.  Ferguson. 

attractive  concrete  houses  can  be  designed  by  the  architect  because  they 

have  done  it.     In  view  of  this  I  think  it  is  highly  important  that  such  a 

report   as    I   am   trying   to   outline   here   should-  contain   a   complete   well 

worked    out    architectural    statement    with    illustrations    to    convey    the 

matter  contained  in  the  written  description. 

Section  3,  Structural  Design,  should  contain  a  complete  description 
and  specification  as  far  as  it  is  necessary  to  carry  it  out  for  purposes  of 
dwelling  house  construction. 

Section  4,  Materials  of  Construction,  should  contain  all  the  stand- 
ards of  the  Institute  with  special  reference  to  the  usefulness  of  all  mate- 
rials, systems,  units  and  forms  of  construction  to  be  used  in  dwelling 
houses. 

This  will  include  a  section  on  both  bearing  and  non-bearing  wall 
units,  both  reinforced  and  non-reinforced;  standard  requirements  for  which 
should  be  so  well  planned  and  arranged  that  they  can  be  adopted  through- 
out the  country  as  standards  for  architects'  specifications  and  as  informa- 
tion for  manufacturers  of  materials. 

Section  5,  Chimneys,  Flues  and  Heating  Apparatus,  should  contain 
full  and  complete  information  as  to  the  proper  method  of  installing 
chimneys,  flues  and  heating  apparatus;  descriptive  details  and  illustrations 
will  be  useful  here  as  elsewhere. 

Section  6,  Building  Accessories  and  Appurtenances,  should  contain 
full  information  as  to  how  to  place  hot  water  piping,  warm  air  flues  and 
registers,  electric  wiring,  plumbing,  suspended  ceilings,  concrete  gutters, 
and  how  to  place  furring  on  the  wall  and  many  other  similar  subjects. 

Without  enumerating  further  subject  matter  for  such  a  report,  you 
-will  realize  what  I  am  proposing  means  a  great  deal  of  work  and  that 
while  the  report  would  be  lengthy  and  full  of  detail,  yet  I  am  positive 
that  some  such  information  is  necessary  before  the  wonderful  possibilities 
ioherent  in  concrete  construction  for  dwelling  houses  will  be  either  under- 
stood or  realized;  such  information  will  certainly  be  found  useful  and 
would  promote  the  use  of  concrete  materials  in  the  construction  of  com- 
fortable, pleasing  and  attractive  homes. 


REPORT   OF    COMMITTEE    S-6,    ON   CONCRETE   ROADS. 
(Informally  presented  by  C.  R.  Ege,  Secretary.) 

The  committee  is  not  in  position  to  make  a  formal  report  at  this 
time.  It  is  rather  a  large  one  and  widely  distributed  so  that  it  has  been 
practically  impossible  to  call  the  members  together  for  a  meeting,  and 
the  progress  by  means  of  correspondence  has  been  unfortunately  slow.  The 
committee  has  to  bring  our  recommended  practice  for  the  construction  and 
design  of  concrete  pavements,  and  also  the  specifications,  up  to  date.  As 
f«r  as  the  specifications  are  concerned,  there  are  not  very  many  details 
which  need  revision.  The  present  specifications  were  adopted  by  letter 
ballot  of  this  Institute  in  1918,  and  there  are  only  a  few  matters  which 
require  revision.  In  the  recommended  practice  for  pavement  construction 
there  are  quite  a  number  of  details  which  should  be  brought  up  to  date. 
There  is  a  tremendous  amount  of  research  work  being  done,  and  it  should 
be  our  job  to  bring  the  results  of  that  work  together  and  make  it  available 
for  the  entire  industry. 

The  interest  being  taken  in  research  connected  with  concrete  pave- 
ments now  is  nationwide,  and  there  are  some  very  important  undertakings 
underway,  notably  the  Bates  road  in  Illinois,  the  U.  S,  Bureau  of  Public 
Roads  •experimental  road  near  Arlington,  Va.,  and  the  Pittsburgh  testing 
track.  With  all  of  these  tests  nearing  completion  this  spring,  we  will 
have  a  large  amount  of  real  information  on  which  to  base  future  recom- 
mendations. 

In  the  past  two  years  there  have  been  a  good  many  important  develop- 
ments in  connection  with  the  utilization  of  aggregates.  It  was  formerly 
supposed  that  we  had  to  use  aggregates  of  a  certain  size  and  grade,  and 
if  those  aggregates  were  not  available  we  could  not  build  concrete  roads. 
The  work  that  Prof.  Abrams  has  done,  and,  based  on  his  investigations,  the 
work  that  has  been  done  by  the  various  state  highway  departments,  has 
shown  how  we  may  build  perfectly  satisfactory  concrete  pavements  using 
such  aggregates  as  are  economically  available.  In  other  words,  we  should 
be  able  to  take  the  experience  of  those  states  now  and  tell  an  engineer 
or  contractor  how  he  may  build  a  good  road  with  the  aggregates  that  he 
has  economically  available   in  his  vicinity. 

It  is  possible  we  may  be  able  to  offer  specifications  and  revised  specifi- 
cations and  recommended  practice  for  letter  ballot  before  the  next  annual 
session   of  the  Institute. 
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Ernest  Ashton. — I  would  like  to  ask  Mr.  Ege,  in  his  mention  of  the  Mr.  Ashton. 
suitability  of  aggregates,  whether  the  investigation  also  includes  the  rela- 
tive hardness  of  the  aggregates?  It  has  been  found  in  some  experiments, 
that  a  high  coefficient  does  not  necessarily  imply  that  the  aggregate  is 
good.  It  is  quite  possible,  therefore,  that  some  of  the  banks  we  have 
turned  down  might  be  utilized  by  .using  softer  aggregates  in  the  proper 
proportions. 

C.  R.  Ege.^ — That  is  being  brought  out  by  the  experience  in  some  of  Mr.  Ege. 
the  states.  There  are  several  states  in  the  Mississippi  Valley  in  which  the 
only  aggregates  are  limestone,  which  may  go  as  low  as  five  or  six  on  the  ■  ■ 
scale  of  hardness,  and  there  have  been  developed  methods  of  proportioning 
and  constructing  which  will  yield  a  very  satisfactory  pavement.  The 
experiments  of  the  Lewis  Institute  have  shown  that  the  proportion  and 
control  of  consistencies  have  much  more  to  do  with  the  resistance  of  the 
pavement  to  abrasion  than  the  construction  and  hardness  of  the  aggregate 
itself,  particularly  the  coarse  aggregate. 

H.   S.  Van  Scoyoc. — I  would  like  Mr.   Ege  to  give  us  a  few  words  Mr.  Van  Scoyoc. 
about  double-slab  construction. 

Mb.  Ege. — In  a  number  of  states,  particularly  those  along  the  North  Mr.  Ege.  * 
Atlantic  Coast,  there  has  been  developed  in  the  past  eighteen  months  a 
type  of  construction  with  a  longitudinal  joint  or  plane  of  weakness.  One 
point  of  using  that  form  of  construction  was  to  control  the  danger  of 
longitiidinal  cracking  or  at  least  to  control  the  location  of  the  break. 
I  think  perhaps  that  form  of  construction  was  undertaken  or  specified 
before  anybody  fully  realized  just  why  it  might  be  the  thing  to  do.  In 
developments  which  have  been  observed  on  the  experimental  roads  it  has 
been  found  that  there  is  a  movement  of  the  slab  every  day  due  to  tem- 
perature. In  other  words,,  the  edges  of  the  slab  will  curl  downward  during 
the  day  due  to  the  diff"erence  in  temperature  between  the  top  and  bottom 
of  the  slab.  During  the  day  the  surface  of  the  slab  is  warmer  than  the 
bottom  of  the  slab  and  expands  slightly  more.  That  has  a  tendency  to 
turn  those  outer  edges  of  the  slab  dovsoiward.  At  night  the  reverse  is 
true  and  the  edges  of  the  slab  come  up,  and  may  come  up  so  far  as  to  ^ 

separate   themselves   entirely   from   the   sub-grade.      The   total   amount   of 
movement  of  the  edges  of  the  slab  may  be  as  great  as  one-tenth  of  an  inch. 

This  makes  it  very  clear  why  in  some  cases  we  have  had  longitudinal 
cracks  in  concrete  pavements  which  could  not  altogether  be  explained. 
Mr.  Older  has  found  that  where  he  has  a  slab  with  an  existing  longi- 
tudinal crack  or  joint  approximately  in  the  center  of  the  slab,  the  move- 
ment of  the  edges  of  the  slab  due  to  temperature  is  greatly  reduced;  it 
may  be  not  more  than  one-  or  two-h\indredths  of  an  inch  instead  of  a  tenth. 
Consequently  it  appears  that  there  is  a  logical  reason  for  placing  a  plane 
of  weakness  or  a  joint  in  the  center  of  a  slab  which  is  16  or  18  ft.  wide. 
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Mr.  Ege.  Another  reason  for  the  center  joint  is  to  permit  the  building  of  the 

road  half  at  a  time,  which  is  very  important  in  places  where  traffic  can- 
not be  detoured  at  the  point  of  construction.  In  New  York,  Connecticut 
or  Pennsylvania  a  detour  would  mean  throwing  traffic  around  a  great 
many  miles  of  country.  This  double-slab  construction  has  to  be  under  the 
control  of  traffic  police  or  watchers  placed  there  by  contractor,  but  it  is  a 
minor  inconvenience  compared  with  having  to  detour  traffic  around  a  great 
many  miles  of  country.  It  has  been  tried  in  a  great  many  places  and  it 
adds  only  a  small  amount  of  cost  to  the  cost  of  building  the  pavement. 


REPORT  OF  COMMITTEE  P-4,  ON  CONCRETE  STAVES. 

The  committee  on  concrete  stave  standards  has  to  report  progress 
only  to  extent  of  the  following  statement  of  the  objectives  toward  which 
the  work  of  the  committee  is  directed.    These  are: 

(1)  Determination  of  standard  of  quality  of  staves. 

(2)  Formulation  of   specifications   covering   methods   of   nmnufacture. 
The  chairman  would  state  that  he  has  found  difficulty  in  arriving  at 

any  suitable  basis  for  standardization.  The  variety  of  purposes  to  which 
stave  construction  is  being  applied  involve  a  very  wide  range  of  require- 
ments. This  might  be  evidenced  by  illustration  of  an  extreme  case  of 
tank  construction  where  the  strain  imposed  upon  the  staves  by  the  hooping 
amounts  to  over  1300  lb.  per  inch  of  height  of  stave,  while  in  all  ordinary 
farm  silo  work,  hoop  strains  are  rarely  more  than  ten  or  twelve  percent 
as  much.  The  quality  of  stave  successfully  to  meet  such  a  condition,  as 
the  tank  above  mentioned,  will,  of  course,  also  depend  upon  the  thickness 
of  the  stave  used. 

The  minimum  requirements  as  to  accuracy  of  size  and  shape  will 
differ  also  with  respect  to  the  type  of  interlock  employed.  Again,  with 
respect  to  absorption,  resistance  to  *  abrasion  and  other  qualities,  wide 
variations  in  requirements  would  be  imposed  by  the  various  purposes  for 
which  staves  are  needed. 

It  has  been  taken  for  granted,  however,  that  everyone  engaged  in  the 
manufacture  of  stave  structures  will  make,  for  reasons  of  economy  and 
simplicity  in  manufacture,  a  sijigle  grade  of  stave  as  his  individual 
standard.  It  will  be  further  agreed  that  such  staves  should  meet  certain 
i^inimum  requirements.  It  follows  that  staves  of  varying  merit  may  come 
into  competition  in  some  cases  on  work  requiring  special  strength.  The 
chairman  has  proposed  that  the  thought  of  the  committee  be  devoted  to 
question  of  specifying  a  limitation  of  size  of  any  silo  vessel  in  the  various 
sorts  of  services  for  which  staves  may  be  used,  which  it  would  be  con^ 
sidered  permissible  to  construct  with  the  stave  of  standard  qualities. 
This  policy,  in  other  words,  may  be  stated  as  follows :  Where  specially 
severe  conditions  of  superimposed  weight,  or  high  hoop  strains  demand 
it,  a  special  stave,  better  than  the  standard,  would  be  offered. 

The  firm  with  which  the  chairman  is  associated  has  built  several 
elevated  -water  tanks,  in  some  of  which  the  actual  loads  carried  to  the 
ground  by  staves  run  up  to  200  lb.  to  the  square  inch.  It  is  felt  that 
owing  to  imperfect  end  bearing  of  staves  and,  also,  the  fact  that  stave 
walls  are  thin  and  impossible  to  construct  precisely  vertical  throughout, 
that  the  stave  manufacturers  generally  should  recognize  the  importance 
of  building,  in  such  special  cases,  Avith  a  unit  that  represents  the  very 
highest  obtainable  qualities.  If  this  policy  is  not  followed,  there  may  be 
failures  of  stave  structures  that  will  work  to  the  detriment  of  all  engaged 
in  the  business. 
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Tliere  have  been  tests  of  staves  made  at  the  Levi^is  Institute  under 
direction  of  Professor  Abrams  and  at  the  factories  of  the  chairman's  firm 
to  a  total  number  of  one  hundred  and  three  staves.  To-day  it  appears 
impossible  to  draw  any  but  the  most  general  conclusions  from  the  results 
of  these  tests.  We  have  jiroved  to  our  own  satisfaction  the  merit  of 
careful  restriction  of  use  of  water  in  the  mixture  where  the  wet  cast 
method  is  employed;  we  have  also  proved  the  merit  of  sprinkling  the 
staves  for  a  period  of  a  week  or  more,  where  either  the  dry  tamp  or  wet 
cast  system  is  employed. 

The  method  of  testing  which  gives  information  of  the  largest  general 
value  is  considered  to  be  the  trajisverse  break  test.  In  making  com- 
parisons of  staves  tested  by  this  method,  the  basis  for  comparison  can 
be  only  the  modulus  of  rupture;  that  is,  the  extreme  fiber  stresses  pro- 
duced in  the  stave.  For  a  given  condition  of  loading  and  length  of  stave, 
tlie  resulting  modulus  of  rupture  is,  of  course,  dependent  upon  width 
and  thickness  of  the  stave. 

In  attempting  to  draw  conclusions  from  results  of  tests  above  referred 
to,  extremely  wide  variations  are  noticed  ranging  from  less  than  200  lb. 
per  sq.  in.  to  over  1000  lb.  per  sq.  in.  of  extreme  stress  on  concrete.  It  is 
interesting  to  note  that  these  extreme  figures  are  both  recorded  with  staves 
made  by  wet  cast  systems. 

Tentatively,  it  is  considered  that  a  stave,  to  be  satisfactory  for  gen- 
eral purposes,  should  carry  a  minimum  of  750  lb.  load  concentrated  at 
the  center  of  a  28  in.  span;  the  staves  being  10  in>  wide  and  2i/^  in.  thick. 
This  condition  calls  for  modulus  of  rupture  of  500  lb.  per  sq.  in. 

The  chairman  hopes  to  be  able  to  report  tX)  the  next  convention 
progress  for  agreement  on  the  policies  suggested  above, .  with  further 
information  regarding  conclusions  that  may  be  drawn  from  systematic 
testing  of  staves  at  his  factories  or  elsewhere. 

Walteb  Brassert,  Chairman. 


REPORT  OF  COMMITTEE  P-5,  ON  FIRE  RESISTANCE  OF  CONCRETE 
BUILDING  UNITS 

Is  the  concrete  block  a  satisfactory  unit  for  the  construction  of  first 
class  buildings?  A  good  deal  of  argument  has  been  going  on  between 
architects,  building  commissioners,  boards  of  fire  underwriters,  builders, 
manufacturers  of  concrete  block  and  others,  but  up  to  the  present  time 
no  conclusive  tests  have  been  made  or  data  presented  to  guide  those 
interested  in  coming  to  a  definite  conclusion.  It  is  true  that  there  are 
no  similar  tests  or  data  on  other  material,  such  as  brick,  lumber,  stone, 
etc;,  but  these  materials  have  been  in  use  for  a  far  longer  time  and  the 
long  experience  thus  gained  of  their  behavior  under  load  and  under  fire 
conditions  have  guided  architects,  builders  and  others  in  their  use  and 
lias  enabled  fire  insurance  companies  to  fix  their  insurance  rates. 

The  concrete  block  is  a  comparatively  new  material  and  there  is  still 
a  good  deal  of  uncertainty  in  the  minds  of  those  interested  in  building 
construction  as  to  its  strength  and  fire  resisting  ability.  In  the  absence 
of  tests,  the  failure  of  poor  block  in  fires  has  cast  doubt  upon  all  block 
and  building  tile  units  in  the  minds  of  architects,  insurance  underwriters 
and  building  commissioners  and  in  many  cities  a  burden  of  expense  is  laid 
upon  building  construction,  because  architects  will  not  specify,  and  build- 
ing commissioners  will  not  authorize,  the  use  of  concrete  block;  even 
though  their  refusal  to  do  so  closes  the  market  to  a  local  industry,  using 
local  materials,  and  high-priced  substitutes  have  to  be  transported  from 
a  distance,  thus  adding  also  to  the  burden  of  railroad  freight  congestion 
and  increasing  the  amount  of  freight  charges  (which  "act  as  a  tax  upon 
towns  which  are  situated  far  from  the  source  of  supply  of  substitute 
materials ) . 

Fire  insurance  underwriters  in  many  cases  will  not  grant  to  concrete 
block  buildings  any  better  rates  than  those  granted  to  frame  units  and 
although  this  difference  in  insurance  rates  is  an  insignificant  annual 
charge  on  a  householder,  its  psychological  effect  is  out  of  all  proportion 
to  the  amount  of  money  involved.  The  fact  that  insurance  boards  will  not 
recognize  it  is  sufficient  to  bar  it  in  many  cases. 

Manufacturers  of  concrete  block  have  therefore  experienced,  in  many 
cities,  difficulty  in  introducing  and  selling  their  products  for  use  in  resi- 
dence, warehouse  and  other  construction.  In  fact  the  chief  market  for 
the  concrete  block  today  is  in  the  construction  of  cellars,  garages  and 
other  unimportant   structures. 

Building  commissioners  are  often  hostile  to  concrete  block  because 
of  their  alleged  low  strength  and  high  absorption,  but  in  a  few  leading 
cities,  such  as  Pittsburgh,  building  authorities  recognize  block,  made 
according  to  the  specifications  of  the  American  Concrete  Institute,  capable 
of  withstanding  a  test  load  of   1000  lb.  per  sq.  in.  of  gross  area  and  an 
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absorption  test  not  exceeding  10  per  cent  and  have  permitted  their  use 
in  any  structure  subject  to  passing  this  test. 

The  fire  insurance  autliorities,  however,  are  still  doubtful  of  the  fire 
resistive  merits  of  the  concrete  block  and  are  in  some  cities  actively 
opposing  the  revision  of  building  codes  favorable  to  concrete  block  and 
•will  also  not  grant  to  insurers  of  concrete  block  structures  rates  better 
than  those  given  to  frame  construction. 

In  view  of  the  fact  that  the  methods  of  manufacturing  concrete  block 
vary  widely,  the  quality  an'd  characteristics  of  the  aggregate  differ,  meth- 
ods of  mixing,  tamping,  and  curingi  are  not  standard,  underwriters  have 
no  data  to  guide  them  in  giving  an  equitable  rating  to  concrete  block 
construction.  Until  the  fire-resistive  qualities  of  concrete  block  have  been 
determined  by  test  the  fire  insurance  companies  do  not  feel  justified  in 
giving  to  this  comparatively  new  material  the  rates  which  experience  has 
guided  them  in  granting  to  brick,  stone  and  other  forms  of  masonry 
construction. 

In  order  to  remove  this  objection  and  establish  definite  standards  to 
guide  insurance  companies  in  their  insurance  ratings  and  to  gain  from 
them  recognition  of  the  fire-resisting  qualities  of  concrete  block,  a  com- 
prehensive series  of  tests  Avill  be  necessary. 

The  matter  has  been  discussed  with  the  Underwriters  Laboratories 
(by  whose  tests  and  conclusions  the  local  boards  of  fire  underwriters  are 
largely  influenced),  and  a  program  of  tests  has  been  arranged  from  which 
it  will  be  possible  to  ascertain  from  a  fire  protection  viewpoint  the  value 
of  the  construction  made  of  the  materials  submitted  and  to  determine 
the   nature   of   the   recommendations   to   be   made. 

The  investigation  is  in  the  nature  of  a  study  of  samples  representative 
of  the  products  of  the  industry  as  a  whole  and  does  not  contemplate 
definite  findings  concerning  the  products  of  any  individual  manufacturer. 
If  it  is  carried  through  it  should  form  a  basis  for  a  report  in  which  the 
classification  of  hollow  concrete  block  from  the  fire-retarding  point  of 
view  will  be  established. 

Physical  properties  of  representative  samples  from  lots  selected  for 
the  tests  will  be  determined  in  accordance  with  the  adopted  standard 
program  of  the  American  Concrete  Institute  for  the  test  values  in  ques- 
tion, these  being  strength  in  compression,  of  specimens  dried  to  constant 
weight,  of  specimens  completely  saturated,  of  specimens  saturated  and 
re-dried,  of  specimens  which  have  been  subjected  to  freezing  and  thawing, 
and  later  of  samples  removed  from  fire  test  panels  subjected  to  the  stand- 
ard fire  endurance  test  and  to  the  fire  and  standard  hose  stream  test, 
absorption  test  and  freezing  and  thawing  test,  also  tests  covering  adhesion 
of  mortar. 

Members  of  the  committee  will  supervise  the  process  of  manufacture 
of  the  sample  block  shipped  for  use  in  test,  and  will  identify  the  indi- 
vidual samples  so  shipped  as  to  method  of  manufacture,  character  of 
mix  and  other  items  having  a  bearing  upon  test  performance  as  well  as 
to  date  of  manufacture. 
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It  is  proposed  that  in  all  of  the  tests,  unless  otherwise  noted,  the 
block  tested  is  to  be  of  the  three-core  oval  type  8  in.  by  8  in.  by  16  in., 
to  be  of  1:5  mix,  to  be  of  a  semi-dry  mix  having  a  consistency  wet  as 
possible,  tamped  with  automatic  tampers  and  to  be  hardened  in  the  steam 
room.  Except  as  otherwise  specified  the  aggregate  is  to  be  Elgin  sand 
and  pebbles  grading  0  to  %  in. 

It  is  not  intended  in  this  first  series  of  tests  to  include  concrete  brick 
or  special  block  of  any  type  or  units  made  by  the  Zagelmeyer  or  Hydro- 
stone  process.  After  viewing  the  results  of  this  first  series  of  tests,  tests 
on  these  may  be  made  the  subject  of  a  second  series. 

Panel  A. — Using  Furnace  No.  2.  Panels  to  be  mounted  in  a  steel 
frame  providing  exposed  face  of  panel  approximately  10  by  11  ft.,  pro- 
viding therefore  10  courses  of  block,  each  course  containing  approximately 
7y2  block.  This  panel  to  be  tested  up  to  time  of  failure,  but  not  to  exceed 
o  hours,  the  furnace  temperature  to  be  in  accordance  with  the  standard 
time  temperature  curve.  At  the  end  of  5  hours  the  panel  to  be  withdrawn 
from  the  furnace  and  thereupon  subjected  to  the  standard  fire  hose  stream 
test. 

Panel  B,  C.  and  D  to  be  similar  in  all  respects  to  Panel  A,  except 
that  the  section  of  the  block  for  Panel  B  is  two-core  square,  for  Panel  C 
is  one-core  rectangular,  and  for  Panel  D  a  concrete  structural  tile  5  in. 
X  8  in.  X  12  in.  is  used.  Panels  B,  C  and  D  will  be  exposed  in  Furnace 
No.  2  to  the  standard  fire  conditions  in  accordance  with  the  standard 
time  temperature  curve  for  a  minimum  period  of  one  hour  and  for  a 
maximum  period  of  5  hours.  The  actual  time  of  exposure  being  deter- 
mined at  the  time  of  test  according  to  observations  made  of  the  con- 
dition of  the  face  of  block  exposed  to  fire  and  in  accordance  with  the 
judgment  of  the  test  engineers  as  to  the  best  period  for  discontinuing 
test  in  order  to  ascertain  the  exact  relative  performance. 

It  is  not  proposed  to  subject  Panels  B,  C  and  D  to  the  fire  hose 
stream  test. 

In  addition  to  the  four  tests  listed  in  the  foregoing,  four  additional 
tests  in  full  size  panels  in  Furnace  No.  2  are  to  be  run.  These  tests  are 
to  bring  out  differences,  if  any,  in  performance  in  fire  due  to  the  several 
variations  in  manufacture  or  composition  of  block  as  indicated  in  the 
following. 

Panel  E  will  be  assembled  as  follows :  Courses  1  to  5  from  the  bottom 
of  the  panel  to  be  filled  with  block  of  a  semi-dry  consistency.  Courses 
G-10  to  be  filled  with  block  made  with  a  damp  consistency.  Courses  11  to 
10  to  be  filled  with  block  mixed  as  wet  as  possible.  All  of  these  block  to 
have  been  hardened  in  the  steami  room,  to  be  of  a  1  :  5  mix,  to  have  an 
aggregate  of  Elgin  sand,  with  0  to  %  in.  pebbles,  and  to  be  of  the  three- 
core  oval  type. 

Panel  F  to  be  filled  with  block  in  the  manner  indicated  for  Panel  E, 
the  various  details  being  the  same,  except  that  all  block  has  been  hardened 
in  air  instead  of  the  steam  room. 
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Panel  G  is  to  be  assembled  similar  to  Panels  E  and  F,  except  that  the 
three  sets  of  covirses  will  be  filled  with  block  representing  variations  in 
mix  as  follows  :  . 

Courses  1  to  5 — a  mix  of  1 :  3 
Courses  0  to  10 — a  mix  of  1  :  4 
Courses    11    to    16 — a   mix   of    1 :  6 

In  other  respects  all  of  the  block  in  this  Panel  G  to  be  identical. 
In  other  words,  to  be  three-core  oval  blocks  8  by  8  by  10  in.;  aggregate 
consisting  of  Elgin  sand  and  pebbles  graded  0  to  %  in.;  consistency  wet 
as  possible  and  hardened  in  steam  room.  Note  that  the  corresponding 
block  having  a  mix  of   1 :  o  has  been  previously  tested. 

Panel  H  to  be  run  to  determine,  the  effect  of  fire  on  different  kinds 
of  aggregates,  the  panel  to  be  filled  with  four  groups  of  block  each  in  fovir 
courses.  For  courses  1  to  4  block  shall  have  an  aggregate  of  limestone 
screenings  and  crushed  limestone.  Courses  5  to  8  block  shall  have  an 
aggregate  of  Elgin  sand  and  cinders,  grading  0  to  %  in.  For  courses  9 
to  12  the  block  shall  have  an  aggregate  of  Elgin  sand  and  crushed  slag. 
For  courses  13  to  1(5  the  block  shall  have  an  aggregate  of  Elgin  sand  and 
silicious  gravel.  In  all  other  tests  an  aggregate  consisting  of  Elgin  sand 
and  pebbles  grading  0  to  %  in.  has  been  employed  and  in  at  least  one  of 
the  previous  tests  a  combination  employing  this  aggregate  and  in  other 
respects  identical  with  the  block  to  be  tested  in  this  series  "H"  is  used. 
Panel  H  will  be  placed  in  the  furnace  first. 

In  panels  E,  F,  G  and  H,  steel  plates  %  in.  thick  and  about  6  in. 
wide  will  be  inserted  in  the  mortar  joints,  between  the  courses  where 
block  differ.  This  steel  plate  is  a  precaution  to  avoid  interference  with 
performance  in  test  of  block  in  one  set  of  courses  in  the  event  of  unfa- 
vorable performance   of  block   in   adjacent  courses. 

During  all  of  the  foregoing  tests  careful  observations  will  -be  made  in 
connection  with  the  installation  of  the  samples  in  the  test  panels,  in 
connection  with  the  conduct  of  the  test  of  the  wrecking  of  the  panels 
after  test,  of  the  dimensions,  appearance,  workmanship  shown,  character- 
istic qualities  of  each  individual  block  in  all  of  the  various  groups,  repre- 
sentative samples  to  lie  selected  from  each  panel  or  from  each  group  of 
block  in  a  single  panel  and  subjected  to  crushing  and  absorption  tests 
afterwards  to  determine  the  effect  of  fire  upon  those  physical  properties. 

Estimates  of  the  cost  of  these  tests  have  been  made  as  follows: 

Fire  tests  at  Underwriters  Laboratories $5000  to  $6000 

Crushing  and  absorption  tests  at  Lewis  Institute 500 

Inspection    of    block    manufacture    at    various    yards, 

freight   and   other   miscellaneous  expenses 500 


Total     $6000  to  $7000 
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These  tests  will  he  of  inestimahle  value  to  the  large  and  rapidly 
growing  concrete  products  industry  and  remove  one  of  the  hindrances 
to  its  rapid  expansion. 

It  is  the  desire  of  your  Committee  that  this  series  of  tests  be  approved 
by  the  Institute  and  put  in  hand  as  promptly  as  possible  and  with  this 
purpose  in  view  wishes  to  raise  funds  for  the  project.  Ways  and  means 
have  been  discussed.  The  Concrete  Products  Association  is  raising  a  fund 
to  bear  a  share  of "  the  expense.  The  Portland  Cement  Association  is 
willing  to  contribute  and  other  eii'orts  are  being  made  to  raise  a  fund 
sufficient  to  cover  these  tests  and  it  is  believed  that  with  Institute 
endorsement  and  co-operation  the  funds  will  be  quickly  and  easily  secured. 

Hakvey  Whipple,  Secretary 
Leslie  H.  Allen,  Chairman 

[After  the  presentation  of  the  report  the  following  resolution  was 
adopted  by  the  meeting.] 

FiKE  Resistance  of  Concrete  Bltilding  Units 
Resolution  Passed  Feb.  14,  1922. 
Be  It  Resolved: 

1 — That  the  report  of  Committee  P-5  on  Fire  Resistance  of  Concrete 
Building  Units,  be  approved  that  the  committee  be  contiiuied. 

2 — That  the  committee  be  authorized  to  raise  the  necessary  funds 
and  as  agents  for  the  American  Concrete  Institute  be  authorized  to  con- 
tract with  the  Underwriters  Laboratories,  Inc.,  of  the  National  Board 
of  Fire  Underwriters  for  the  carrying  out  of  the  fire  tests  at  a-  cost  not 
exceeding  $6000;  and  also  carry  out  the  scheduled  compression  and 
absorption  tests  at  Lewis  Institute,  provided  that  funds  for  these  tests 
be  subscribed  in  full  before  such  contract  is  made. 

3 — That  the  members  in  convention  here  assembled  endorse  the  request 
of  this  committee  that  the  Board  of  Directors  be  asked  to  appropriate 
a  sum  of  not  less  than  $1000  as  the  Institute's  portion  of  the  general 
fund,  and  that  this  money  be  used  for  making  the  tests  together  with 
money  obtained   from  other   sources. 

4 — That  the  committee  be  authorized  to  invite  the  Portland  Cement 
Association;  the  Concrete  Products  Association,  and  the  Concrete  Block 
Machinery  Association  to  subscribe  to  and  to  co-operate  in  these  tests, 
and  that  similar  invitations  be  also  extended  to  any  other  association,  or 
society,  that  may  be  suggested  by  the  Executive  Committee  of  the  Insti- 
tute, or  bv  members  of  Committee  P-5. 


REPORT  OF  COMMITTEE  P-fi,  ON  CONCRETE  PRODUCTS  PLANT 

OPERATION. 

Fi'om  year  to  year  as  the  activities  of  the  American  Concrete  Institute 
expand,  they  come  more  and  more  in  contact  with  a  concrete  industry 
that  has  been  struggling  along  practically  unaided  by  scientific  research. 
Every  step  of  its  progress  has  been  contested  by  strongly  combined  com- 
petitors. Regardless  of  all  of  this  opposition,  that  industry,  the  concrete 
products  industry,  has  interested  thousands  of  investors  who  have  put 
over  fifty  millions  of  dollars  into  factories  making  various  kinds  of 
products. 

Ordinarily,  concrete  products  are  considered  as  concrete  block,  drain 
tile  and  pipe,  but  these  are  only  a  few  of  the  hundreds  of  products  now 
being  manufactured.  The  possibilities  are  unlimited  as  is  readily  shown 
by  the  fact  that  several  concrete  products  manufacturers  are  now  special- 
izing on  furnishing  traceries   for   church  windows. 

Your  committee,  without  knowing  what  are  its  duties,  is  greatly 
impressed  with  the  responsibility  you  have  put  upon  it.  It  realizes  that 
there  are  limitations  to  the  extent  to  which  the  American  Concrete  Insti- 
tute can  be  interested  in  concrete  manufacture,  and  it  is  afraid  that  it 
might  overlook  some  assistance  that  can  be  rendered.  If,  therefore,  some 
of  its  recommendations  are  beyond  the  scope  of  the  Institute's  activities, 
it  may  at  least  suggest  some  phases  on  which  the  Institute  can  act  now 
or  in  the  future. 

Though  it  is  true  that  all  kinds  of  concrete  products  are  being  manu- 
factured, a  close  investigation  of  the  concrete  products  industry  would 
show  that  the  advancement  in  concrete  products  manufacture  has  been 
very  slow.  What  is  needed  most  is  scientific  research  and  the  application 
of  engineering  i^rinciples  combined  with  more  enlightened  management 
and  sales  methods. 

The  first  problem  in  the  design  of  the  products  plant  is  the  general 
layout.  Though  local  conditions,  such  as  availability  of  aggregate,  track- 
age and  output,  will  affect  the  design  materially,  certain  features  of  plant 
layout  should  ordinarily  be  incorporated  depending  upon  the  output. 
Mechanical  handling  of  the  aggregates  and  cement  into  elevated  bins  so 
that  gravity  can  be  used  in  plant  operation  is  desirable. 

A  study  of  plant  layouts  has  resulted  in  the  preparation  of  many 
plans,  drawings  of  which  are  herewith  attached.  These  show  not  only 
the  detailed  layout,  but  also  a  daily  operation  chart. 

In  studying  the  design  of  curing  rooms  for  concrete  products  plants, 
it  is  evident  there  is  not  so  miu;h  trouble  in  arriving  at  a  conclusion  as 
to  the  best  design  because  the  problem  is  to  give  moisture  and  heat  to 
the  product  at  the  least  cost  in  order  that  the  hardening  of  the  product 
can  be  hastened. 

Though   several    methods   liave   been    suggested    at   various   times   for 
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steam  curing  rooms,  such  as  the  use  of  steam  shot  into  troughs  of  water, 
radiator  systems  and  water  sprinkling  and  low  pressure  steam  shot 
directly  into  the  curing^  rooms,  a  scientific  analysis  from  the  standpoint 
of  effectiveness  and  economy  shows  that  steam  radiation  through  pipes 
with  an  extra  pipe  equipped  with  controlled  openings  to  regulate  the 
amount  of  saturation  in  the  curing  room  will  prove  most  satisfactory. 


,r~i=gi::=:ii 

'Q-.   1    _  5. — I       i^LAN 


Fig.  8. 


Before  designing  the  heating  system,  climatic  conditions  should  be 
studied  to  arrive  at  the  temperatures  to  be  used.  Obviously,  a  heating 
plant  designed  to  meet  the  extreme  conditions  of  time  and  temperature 
would  be  entirely  too  large  for  normal  conditions.  In  a  temperate  climate, 
there  may  be  several  days  of  winter  with  a  temperature  down  to  zero, 
or  even  below.  The  temperature  of  most  of  the  winter  days  would  be  at 
least  32°  F.     It  must  also  be  kept  in  mind  that  winter  conditions  prevail 
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not  over  three  months,  or  25  per  cent  of  the  time.  Mild  and  warm  weather 
covers  the  remainder  of  the  75  per  cent.  In  warm  weather  the  factory 
output  should  be  at  a  maximum,  and  therefore  the  curing  time  should 
be  at  the  minimum.  It  is  during  this  time  that  the  finished  product  may 
be  required  to  be  ready  for  outside  storage  in  24  hours. 

From  the  best  information  available,  the  maximum  rate  of  absorp- 
tion of  heat  by  wet  concrete  in  still  air  is  approximately  l^j  B.  T.  U.  per 
square  foot  of  exposed  surface  per  degree  difierence  in  temperature  per 
hour.  Therefore,  knowing  the  number  of  products  in  a  chamber,  their 
exposed  area  and  the  number  of  pounds  of  concrete  the  total  B.  T.  U. 
required  to  raise  the  product  to  a  given  temperature  and  the  number  of 
hours  required  to  absorb  that  heat  can   be  determined. 

Another  factor  in  the  problem  is  the  quantity  of  heat  generated  in 
the  hardening  of  concrete.  Although  some  experiments  have  been  con- 
ducted indicating  that  considerable  heat  is  given  off  through  chemical 
action,  results  are  not  such  as  to  make  it  possible  to  state  definitely  how 
many  B.  T.  U.  should  be  figured  under  ordinary  operating  conditions. 

It  is  evident,  however,  that  this  quantity  of  heat  will  help  materially. 
As  there  are,  however,  many  unknown  factors  in  the  problem,  this  extra 
amount  will  only  be  considered  as  being  useful  when  the  temperatures  are 
outside  the  range   for  which  the  heating  system  is  designed. 

Design  Assumptions. 

The  following  assumptions  are  made  in  designing  the  plant: 

1.  Production,  1000  8x8x16  in.  block  per  day. 

2.  Each  curing  room  will  hold  one-half  day's  production. 

3.  Each  room  will  be  wide  enough  to  conveniently  turn  and  manipu- 
late a  lift  truck  or  to  place  three  rows  of  products  racks  or  cars.  A 
12  ft.  width  is  adopted. 

4.  Each  room  will  be  -Sa  ft.  long  and  12  ft.  wide. 

5.  The  height  of  the  roof  will  be  a  minimum  in  which  a  man  can 
work  without  injury  to  himself.     Adopt  wall  height  of  (5  ft. 

6.  Ridge  of  roof  at  center  and  parallel  to  side  walls.  Slope  of  roof 
a  minimum  to  prevent  dripping.  Adopt  a  sloj^e  1  ft.  vertical  to  3  ft. 
horizontal. 

7.  Construction  shall  be : 

1.  Concrete  block  or  other  masonry  wall  8  in.  thick. 

2.  Substantial  insulated  roof. 

3.  Concrete  floor  5  in.  thick  on  6  in.  of  compacted  cinder  fill. 

4.  Doors  to  fit  tight  and  be  made  of  double  sheathing  with   in- 
sulating  material   between. 

Assumed  Operating  Conditions. 

1.  Relative  humidity  of  air  inside  of  curing  rooms  shall  be  not  less 
than  80  per  cent  and  as  near  100  jjer  cent  as  it  is  possible  to  obtain. 


270  Report  of  Committee  P-6. 

2.  Curing  room  and  product  in  it  shall  be  brought  to  125°  F.  and 
maintained  at  that  temperature. 

3.  In  three  of  the  curing  rooms  the  temperature  of  125°  F.  should 
be  maintained  simultaneously  while  the  fourth  room  is  being  brought  to 
125°  F.  and  the  fifth  is  being  emptied  and  filled  with  products.  This  per- 
mits of  48  hr.  curing  which  is  desirable  wlien  the  outside  air  is  above 
32°  F.,  but  still  cool. 

4.  Assume  the  air  outside  to  be  32°   F. 

5.  Assume  the  air  in  the  plant  building  to  be  70°  F. 

6.  Assume  the  temperature  of  the  block  before  curing  to  be   65°   F. 

7.  Assume  the  conductivity  of  the  curing  room  structure  in  B.  T.  U.'s 
transferred  per  1°  F.  difference  in  temperature  per  hour  per  sqare  foot  to 
be  as  follows : 

Walls  =  0.30 

Roof     =  0.45 

Ends    =  0.60 

Floor    —  0.10 

8.  Assume  that  the  product  under  above  conditions  will  be  brought 
to  the  125°   F.  temperature  in  6  hours. 

Solution   of  heating   problem   is   as   follows : 

2.    Heat  required  to  raise  product  from  65°  F.  to  125°  F. 
Heat  losses: 

B.T.  U.  loss  in  walls    —    0.30x2x35x6.0x93  =  11,718  B.  T.  U.  per  hr. 

"      "   roof    =    0.45  X  5  X  12.6  x  .35  x  93  =  92,278  "            "     " 

"      "   outside  ends  :=  0.60x60x6.7x93  =  22,431  "            "     " 

"      "   inside    ends    —    0.60x60x6.7x55  —  13,266  "            "     " 

"      "   floor   —    0.10x60x35x93            ~  19,530  "            "     " 


Total  =159,223 

2.    Heat  required  to  raise  product  from   65°   to   125°   F. 

500  block  per  curing  room.     Each  room  to  be  raised  separately 
from  65°  to  125°,  or  a  temperature  rise  of  60°   F. 

Weight  of  concrete  =:  500  x  50  lb.  z=  25,000  lb. 

Assume  racking  equipment  will  be  10%  of  block  weight  =:     2,500  lb. 

Total  weight  of  product  to  be  raised  =  27,500  lb. 

Assume  specific  heat  of  soft  concrete  as  0.25. 
Total  B.  T.  U.  required  =  27,500  x  0.25  x  60  =  412,500  B.  T.  U. 

A  concrete  block  8x8x16  in.  with  two  cores  4x5  in.  in  section,  setting 
on  a  pallet  with  have  exposed  to  the  air  760  sq.  in.  of  surface  or  approx- 
imately 5.28   sq.   ft.     Therefore,  the  total   square   feet  of   exposed   surface 
of  concrete  in  the  room  z=  5.28  x  500  =  2,640  sq.  ft. 
Add  10%  for  racking  equipment  =      260  sq.  ft. 

Total  =  2,900  sq.  ft. 
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It  is  assumed  the  wet  concrete  will  absorb  only  li^  B.  T.  U.  per  hour 
per  square  foot  of  surface  per  degree  difference  in  temperature. 

Also  assume  that  in  bringing  the  product  from  65^  to  125°  the  air 
reaches  125°  in  two  hours,  while  it  takes  the  product  6  hours  to  reach 
125°.  This  means  a  mean  difference  in  temperature  of  20°  between  the 
block  and  the  air  in  the  room  while  both  are  being  raised  from  65°  to  125°. 

20x1.5x2900  =  87,000  B.  T.  U.  maximum  that  can  be  absorbed  per 
hour   by  the  product  and  racking   equipment. 

412  500 
B.  T.  U.  required  per  hour  =  — -^ =  68,750   B.  T.  U. 

Inasmuch  as  the  block  can  absorb  under  these  assumptions  87,000 
B.  T.  U.  per  hour,  it  is  evident  that  the  block  will  be  able  to  absorb 
68,750  B.  T.  U.  which  is  given  to  it  each  hour. 

To  raise  the  air  in  one  curing  room  requires : 

Volume  of  room  —  6.7x12x35  =  2,814  cu.  ft. 

Volume  of  block  and  racking  equipment  =      181  cvi.  ft. 

Volume  of  air  =  2,633  cu.  ft. 

-      Weight  of  air  —  2,^33  x  0.0684  =  180  lb. 

Specific  heat  of  air  =:  ^  0.25 

B.  T.  U.  required  to  raise  air  from  65°  to  125°  :=  180x0.25x60 

=  2700  B.  T.  U. 
B.  T.  U.  required  per  hour  for  heating  air  =  2700^-  2  =  1350  B.T.U. 

Summation  of  Maximum  B.  T.  U.  Required. 

Heat  losses  from  rooms  =   159,223  B.  T.  U.  per  hour 

Heat  required  to  raise  products  from  65°  to 

125°  =:     68,750 

Heat  required  to  raise  air  :=       1,350        "  "        " 

Total  =  229,323  B.  T.  U.  per  hour 
Use  230,000 


Calculation  for  Boiler. 

B.  T.  U.  in  steam  at  pressure  of  10  lb.    (25  lb.  absolute  pressure) 
1160  B.  T.  U.  per  lb.  of  water. 

230,000  laa   11.       f     +  -1  1, 

^198  lb.  of  steam  required  per  hour. 


1160 


1  boiler  h.  p.  is  34r^  lb.  water  evaporated  from  and  at  212°  F. 
On  a  practical  basis  use  30  lb.  of  water. 
198-^30  =z=  6.0  boiler  h.  p.  required. 
Use  15     h.  p.  boiler. 
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steam  for  power,  heat  for  buildings,  and  for  other  purposes,  is  not 
included  in  this  steam  curing  problem,  but  should  be  given  consideration 
in  the  design  of  a  complete  products  plant. 

Calculation  for  Amount  of  Coal  Required. 

Assuming  a  boiler  efficiency  of  25%,  B.  T.  U.  required  per  hour  = 

4x230,000  =  920,000  B.  T,  U.  per  hour. 

As  each  pound  of  coal  has  a  theoretical  B.  T.  U.  of  11,000,  coal  re- 

920,000 

quires  per  hour  = =:  84  lb. 

^  ^  11,000 

,    Satltration  of  Air. 

9.5  lb.  of  moisture  is  required  to  saturate   100  lb.  of  air  at  125°   F. 

Weight  of  air  in  one  curing  room  ^180  lb. 

1 80  X  9  5 

— •''  =:  71.1  lb.  of  water  required  to  saturate  the  air  in  a  curing 

room  at  125°  F. 

As  159,223  B.  T.  U.  are  required  per  hour  for  heat  losses  in  nve 
rooms,  we  can  assume  1-5  or  32,000  B.  T.  U.  per  room.  This  figure  will 
be  used  in  determining  whether  the  air  in  a  chamber  will  always  be 
saturated.  i 

32,000-^-1160  =  27.6  lb.  of  steam. 

As  17.1  lb.  of  steam  will  saturate  the  air,  the  equipment  will  be  ample. 

Radiation  System. 

Assume  2  B.  T.  U.  per  sq.  ft.  of  pipe  per  degree  difference  in  tem- 
perature per  hour. 

Heat  loss  in  outside  wall : 

6x35x0.3x93  =  5,859.0. 
Heat  loss  in  inside  wall  when  assuming  the  temperature  in  the  empty 

chamber  alongside  will  be  50°. 

6x35x0.3x75  =  4,725 
Heat  loss  outside  end  wall : 

6.7xl2x.6x93  =  4,486.0 
Heat  loss  inside  end  wall    (plant  at  70°) 

6.7  X  12  x  .6  x  55  —  2,653.0 
Heat  loss  floor    (ground  at  32°) 

35  X  12  X.  1x93  =  3,906.0 
Heat  loss  roof: 

12.6x35  X. 45x93  =  18,456. 

One  square  foot  of  radiation  surface  will  radiate  2  B.  T.  U.  per  hour 
per  degree  difl'erence  in  temperature. 


>    Sum  =  29,500  B.  T.  U. 
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29  500 
Eadiation  required  for  outside  wall  n=     5,859    -|-  ■ — '- —   =z  20,610. 

Radiation   surface   for   outside   wall  =    ^  '  ^.■,   =  111  sq.  ft.  of  pipe. 

2  X  93    ■ 

29,500 
Radiation   for   inside  wall   =   4,725  -| —    =  19,476. 

19  476 
Radiation    surface    for    inside    wall  :=      '  =  105  sq.  ft.  of  pipe. 

Use   1^-in.   pipe. 

Each  lineal  foot  of  a  l^/^-in.  pipe  =  i^   sq.  ft.  radiation  surface. 

Therefore,  outside  walls  require  111x3  =  333  lin.  ft.  of  pipe,  or  ten 
lengths  of  pipe  35  ft.  long. 

Each  inside  wall  requires  105x3  =i  315  lin.  ft.  of  pipe,  or  nine 
lengths. 

A  4-in.  main  line  should  be  used  from  the  boiler  and  2-in.  pipe  from 
the  main  line  to  each  room.  The  pipe  lines  should  be  designed  with  check 
valves  so  that  any  one  of  the  rooms  can  be  shut  off  or  be  in  operation 
without  affecting  the  other  rooms.  In  order  to  provide  the  necessary 
saturation,  a  ly^-in.  pipe  should  be  placed  near  the  floor  on  the  inner 
side  of  wall  parallel  with  the  length  of  the  room  running  into  a  dead 
end.  This  pipe  should  be  equipped  with  a  spray  opening  or  steam  gauge 
and  air  cock  at  intervals  of  3  or  4  ft.  With  this  system,  the  lines  of 
pipe  should  be  so  arranged  that  the  piping  along  the  outside  ends  will 
be  higher  than  along  the  inside  ends.  This  will  cause  the  condensed 
steam  to  flow  back  to  the  main  line  and  into  the  boiler. 

As  radiation  boilers  are  not  usually  sold  on  a  horse  power  basis, 
it  is  necessary  to  figure  10  sq.  ft.  of  heating  surface  per  h.  p.  In  other 
words,  where  we  require  a  15  h.  p.  boiler,  Ave  would  require  a  radiation 
boiler  having  150  sq.  ft.  of  heating  surface.  The  smallest  radiation  boiler 
sold  by  a  large  boiler  company  has  a  heating  surface  of  206  sq.  ft.  and 
will   supply   1600   sq.   ft.   of   radiating   surface. 

In  the  problem  aboA'^e  worked  out,  the  radiating  surface  required  is 
only  1,062  sq.  ft. 

Marketing. 

Having  determined  upon  the  plant  .  layout  and  design  of  curing 
rooms,  the  problem  of  marketing  can  be  studied.  To  concentrate  on 
the  problem  concrete  blocks  or  tile  are  discussed.  There  are  a  multitude 
of  designs  of  block  and  tile,  including  every  conceivable  shape,  division 
of  air  space  and  interlocking  features.  Of  this  assortment  there  are 
probably  four  or  five  designs  that  are  good  and  practicable  in  all  respects. 
Elimination  of  the  poor  designs  can  be  made  by  inspection  and  a  final 
selection  arrived  at  by  investigation  and  tests.  No  doubt  the  information 
gained  would  result  in  further  improvement.  Such  a  study  should,  of 
course,  be  made  on  a  basis  of: 
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1.  Building  loads. 

2.  Fire  resistance. 

3.  Conductivity. 

4.  Competition  with  other  building  materials. 

5.  Salability. 

6.  Acceptance  by  building  trades. 

7.  Durability. 

8.  Appearance. 

9.  Economy   in   manufacturing   cost. 

10.  Ease  in  handling  and  laying  up  on  the  job. 

11.  Strength  to  prevent  breakage  in  handling. 

12.  Strength  in  wall. 

With  respect  to  consistency,  there  are  two  generally  known  methods 
of  products  manufacture — the  dry  and  the  wet.  It  is  generally  agreed 
that  the  dry  consistency  is  below  the  consistency  giving  maximum  strength, 
and  the  wet  is  above  the  consistency  giving  maximum  strength.  In  the 
curing  of  the  product  some  method  or  other  may  have  considerable  bear- 
ing on  quality  cost  results.  An  investigation  including  these  factors 
would  no  doubt  enable  us  to  arrive  at  the  comparative  economy  of  these 
methods. 

The  effect  of  the  method  of  curing  on  products  is  an  important  sub- 
ject on  which  there  is  little  actually  known.  The  consistency  of  the 
tamped  or  pressed  concrete  product  is  too  dry.  The  questions  that  arise 
are:  is  a  warmed  saturated  air  beneficial  and  is  it  an  economical  manu- 
facturing operation?  What  temperature  should  prevail  in  the  curing 
chamber  for  most  economical  production?  To  what  extent  are  products 
improved  or  harmed  by  alternate  wetting  and  drying,  such  as  in 
sprinkling?  What  happens  when  products  are  subjected  to  various  weather 
exposures  and  what  practice  should  be  followed? 

It  is  generally  agreed  that  with  a  continuous  mixer  one  man's  labor 
is  saved  in  comparison  to  a  batch  mixer,  but  is  a  continuous  mixer 
dependable?  Will  it  turn  out  as  good  concrete  constantlj^  as  a  batch 
mixer,   and   is   it  as  economical  ? 

In  a  products  plant  where  comparatively  dry  consistencies  are  used 
and  where  in  molding,  maximum  plasticity  and  uniform  mixing  is  desir- 
able, is  it  practicable  to  mix  the  concrete  longer  than  one  minute?  It  is 
hoped  that  these  questions  will  be  answered  before  the  next  convention 
of  the  Institute. 

More  exact  data  are  needed  on  the  performance  of  products  making 
machinery  from  the  standpoint  of  production,  quality,  uniformity  of  prod- 
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uct  and  mechanical  troubles.  Interesting  data  could  be  secured  from 
products  manufacturers  who  might  co-operate  to  the  extent  of  keeping  a 
record  along  lines  suggested  by  the  Committee.  Such  a  record,  of  course, 
should  be  kept  over  a  considerable  period  of  time  to  be  of  real  value. 

Plant  Operation  Practice. 

1.  It  is  desirable  to  use  materials  which  will  produce  the  quality 
desired  at  the  least  cost  for  those  materials.  The  cheapest  priced  aggre- 
gate sometimes  requires  more  cement  and,  therefore,  results  in  a  higher 
cost  of  the  total  materials  than  some  other  aggregate.  Sometimes  the 
choice  of  an  inferior  aggregate  results  in  excessive  breakage  of  product 
in  manufacturing,  thereby  adding  to  its  cost. 

2.  Aggregates  should  be  selected  with  the  best  possible  grading. 
Generalljr,  the  maximum  sized  aggregate  should  have  a  diameter  of  one- 
half  the  thickness  of  the  thinnest  wall  of  the  product.  As  much  coarse 
aggregate  as  possible,  that  is,  those  sizes  larger  than  sand,  should  be  used. 
Such  aggregates  do  not  require  as  much  cement  for  equal  strength 
concrete. 

3.  The  water  content  of  the  concrete  should  be  carefully  established 
and  kept  constant.  Tamped  or  pressed  products  should  be  made  of  con- 
crete having  as  much  water  as  can  be  used.  In  wet  cast  products,  as  little 
water  as  possible  should  be  used. 

4.  After  molding  the  product,  it  should  be  cured  under  conditions 
which  will  produce  a  uniform,  satisfactory  quality  by  the  time  the  prod- 
uct is  delivered  to  the  purchaser,  or  at  28  days.  Products  should  be  kept 
at  temperatures  above  80°  for  at  least  24  hours  before  placing  them  on 
the  outside,  where  temperatures  should  not  fall  below  60°. 

Products  that  are  to  be  exposed  to  temperatures  below  60°  and  above 
freezing,  should  be  kept  in  a  temperature  above  80°  for  not  less  than 
48  hours.  Where  the  outside  temperature  is  expected  to  drop  below  32° 
within  7  days,  a  longer  period  of  curing  should  be  used.  It  is  believed 
that  higher  curing  temperatures,  say  up  to  125°  F.,  produce  better  and 
quicker  results.  In  hot,  dry  weather,  products  should  be  kept  damp  by 
sprinkling  for  about  7  days  after  they  are  taken  from  the  curing  rooms. 

Products  should  be  handled  no  more  than  absolutely  necessary  for 
the  first  24  hours  after  they  are  molded.  When  they  are  handled,  and 
especially  directly  after  being  taken  from  the  machine,  jarring  is  very 
apt  to  cause  damage,  especially  to  thin  products  that  do  not  lay  flat. 

It  is  necessary,  however,  to  remove  products  from  the  machine  to  a 
place  for  curing.  This  is  usually  accomplished  by  hand,  carts,  suspended 
conveyors,  track  and  car  system  or  trucks.  The  lift  truck  scheme  is  new 
and  therefore,  naturally,  there  are  those  who  object  to  it.     It  is  believed 
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that  where  it  has  been  tried  under  proper  conditions,  it  has  proved  suc- 
cessful and  economical.  It  is  advisable,  however,  to  have  a  smooth  floor 
kept  reasonably  clean.  The  truck  should  be  of  the  type  which  lowers 
slowly  and  easily,  and  it  should  bfe  equipped  with  rubber  tires  and  have 
springs  suitable  for  the  load  to  be  carried.  Lift,  narrow  gauged  cars  are 
now  being  produced  which  eliminate  the  necessity  of  keeping  the  car  itself 
in  the  curing  chamber.  In  this  manner,  the  life  of  the  car  is  increased 
considerably. 

S.  H.  WiGHTMAN,  Chairmmi. 


REPORT   OF    COMMLTTEE    P-7,   ON    GONCRETE    PIPE,   DRAIN   TILE 

AND   CONDUITS. 

Prior  to  1921  tlie  Institute  specifications  for  concrete  pipe  were  in- 
cluded in  tlie  general  specilications  for  monolithic  sewers,  the  whole  subject 
being  in  charge  of  the  committee  on  sewers.  This  committee  in  its  annual 
report  to  the  Institute  in  1921  recommended  that  a  separate  specification 
be  written  for  concrete  pipe  and  that  this  specification  be  issued  inde- 
pendent of  the  existing  specification  for  monolithic  concrete  sewers.  In 
compliance  with  this  recommendation,  and  in  line  with  the  general  policy 
of  the  Institute  a  new  committee  known  as  Committee  P-7,  on  Concrete 
Pipe,  Drain  Tile  and  Conduits  was  named  to  take  over  the  question  of 
concrete  pipe  and  kindred  subjects.  Due  to  delay  in  the  formal  acceptances 
by  appointees  on  this  committee,  the  committee  could  not  proceed  with  its 
work  until  sometime  had  elapsed  after  the  last  convention  of  the  Institute, 
and  as  members  of  the  committee  are  located  at  points  so  widely  separated 
as  the  cities  of  New  York  and  Los  Angeles,  it  became  immediately  apparent 
that  formal  meetings  of  the  committee  would  be  an  impossibility  and  that 
the  work  of  the  committee  would,  of  necessity,  be  conducted  by  corres- 
pondence. This  method  is  now  being  carried  on  by  the  submission  to 
each  member,  through  the  secretary  of  the  committee,  of  a  series  of  funda- 
mental questions  relating  to  the  committee's  work.  Answers  to  the  ques- 
tions submitted  are  compiled  by  the  secretary  and  again  forwarded  to 
each  member. 

Work  carried  on  in  this  manner,  while  it  is  thorough,  is  of  necessity 
slow  and  it  entails  upon  the  secretary  of  the  committee  a  task  that  is 
unusually  difficult  and   arduous. 

The  first  work  of  the  committee  was  to  act  in  conjunction  with  Com- 
mittee S-3,  on  Monolithic  Sewers,  to  eliminate  from  the  present  Institute 
specifications  on  concrete  sewers  all  reference  to  the  subject  of  concrete 
pipe.     This  was   successfully   accomplished. 

The  next  step  undei'taken  was  to  effect  a  more  complete  sub-division 
of  the  work  assigned  to  the  committee.  It  is  the  opinion  of  the  committee 
that  where  a  distinct  use  of  pipe  necessitates  a  separate  design,  such  pipe 
shall  be  recognized  as  a  sub-division  of  the  general  problems  of  pipe  and 
shall  have  a  separate  specification.  The  following  sub-division  is  recom- 
mended : 

(a),  Plain  concrete  pipe. 

Cb),  Reinforced-concrete  pipe. 

(c),  Concrete  pressure  pipe. 

(d),  Concrete  irrigation  pipe. 

(e),  Concrete  drain  tile. 

(f),  Concrete  conduits. 

Your  committee  has  decided,  for, at  the  present  at  least,  that  it  will 
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undertake  no  work   on  the  subjects  of  pressure  pipe,   irrigation  pipe  and 
concrete   conduits. 

Your  committee  is  of  the  opinion  that  it  is  preferable,  where  existing 
specifications  issued  by  recognized  authorities,  meet  with  the  approval 
of  the  Institute  that  the  Institute  accept  and  adopt  such  specifications 
rather  than  issue  additional  standards.  Your  committee  after  a  careful 
examination  of  existing  standards  and  pending  final  arrangements  for 
their  publication  by  the  Institute,  recommend  the  following : 

The  adoption  by  the  Institute  of  Standard  Specification  C- 14-20  of  the 
Amerian  Society  for  Testing  'Materials  for  Cement  Concrete  Sewer  Pipe 
and  also  the  adoption  by  the  Institute  of  such  parts  of  the  Standard 
Specification  C  4-21  of  the  American  Society  for  Testing  Materials  as 
relates  to  the  manufacture  of  concrete  tile. 

In  relation  to  reinforced-concrete  pipe,  your  committee  recognizes  in 
principle  the  value  of  classified  standards  for  this  commodity;  the  classes 
to  be  of  as  small  a  number  as  will  economically  cover  the  demand  for 
this  type  of  pipe.  With  this  principle  in  mind,  your  committee  has  now 
under  discussion  the  fundamentals  in  relation  to  the  problem  of  reinforced- 
concrete  pipe.  Your  committee  will  bear  in  mind  the  fact  that  the  Insti- 
tute is  represented  on  the  Joint  Concrete  Culvert  Pipe  Committee  and  will 
endeavor  to  conform  to  the  action  of  that  Committee  as  it  affects  pipe 
for  use  in  culvertsi 

The  committee  hopes,  within  the  present  year,  to  complete  its  work 
in  the  preparation  of  a  tentative  specification  for  reinforced-concrete  pipe 
and  to  begin  work  on  some  of  the  other  subjects  that  have  been  so  far 
postponed. 

Ernest  F.  Bent, 
Paul  Kirch  er, 
Wiixis  Whited, 

C.    H.    Bi'LLEN, 

R.  S.  Lander, 
G.  A.  HooL, 
M.  L.  Enge:r, 
B.  S.  Pease, 
Jos.  S.  Lambie, 
A.  M.  HiRSCH, 
Howard  Schurman. 

H.   W.   Loving,   Secretary. 
C.  F.  Buente,  Chairmcm. 


REPORT  OF  COMMITTEE  C-3,  ON  TREATJNIENT  OF  CONCRETE 

SURFACES. 

Last  year  the  report  of  your  committee  was  mainly  dev'oted  to  a. 
description  of  the  methods  used  in  the  treatment  of  exteriors  of  indus- 
trial reinforced-concrete  buildings.  It  was  the  intention  of  the -com- 
mittee this  year  to  present  this  matter  in  the  form  of  a  Standard  Recom- 
mended Practice,  bvit  pending  the  report  of  the  Committee  on  Form  of 
Standards,  it  seemed  desirable  to  postpone  this  presentation  until  next 
year.  On  this  account  our  Sub-Committee  II,  under  the  chairmanship 
of  Mr.  Horr,  offers  no  report  in  connection  with  the  report  of  the  general 
committee. 

Sub-Committee  I,  on  Portland  Cement  Stucco,  suggests  some  addi- 
tional revisions  to  the  standard  recommended  practice  as  adopted  in  1920. 

Sub-Committee  III,  on  Special  Decorative  Treatments,  makes  a  begin- 
ning this  year  and  offers  a  brief  progress  report. 

The  major  portion  of  the  present  report  deals  with  the  treatment  of 
interior  concrete  surfaces,  a  subject  which  has  brought  to  light  numerous 
differences  of  opinion,  particularly  in  regard  to  plastering  concrete  sur- 
faces and  the  use  of  waterproofings.  In  fact  the  committee  has  approved 
this  report  with  reservations  and  the  subject  matter  is  presented  mainly 
for  the  purpose  of  inviting  constructive  criticism,  and,  of  course,  for  the 
information  of  those  who  may  make  use  of  it.  Mr.  Ahlers  and  the  mem- 
bers of  this  sub-committee  are  to  be  commended  for  offering  definite 
recommendations  in  regard  to  practice  which  is  at  present  very  far  from 
being  standardized,  and  regarding  which  many  conflicting  opinions  are 
held. 

Sub-Committee  V,  on  Bond  of  Apj^lied  Coatings,  presents  the  results 
of  some  interesting  preliminary  experiments  on  the  adhesion  of  stucco 
coats. 

Srs-Co^tJiiTTEE  I — Portland  Cement  Stucco. 

In  addition  to  changes  in  the  Recommended  Practice  for  Portland 
Cement  Stucco  recommended  by  the  Sub-Committee  in  1921,  the  committee 
recommends  for  adoption  the  following  changes : 

Article  2,  Paragraph  1: 

Insert  before  the  final  sentence,  the  following  sentence.  "The  end 
joints  should  be  thoroughly  protected  with  sh^et  lead  flashings." 

Add  the  following  sentence  at  the  end  of  the  present  paragraph; 
"Double  flashing  should  be  used  at  the  intersection  of  sloping  roof  with 
metal  lath  wall.  The  metal  lath  should  be  stapled  into  the  upper  or  cap 
flashing  at  its  upper  edge  which  is  rigidly  attached  to  the  wall  behind." 
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In  the  notes  on  the  page  opposite  add  the  following  paragraph  after 
the  first :  "Where  horizontal  wood  trimming  courses  occur  in  stuccoed 
walls  satisfactory  results  have  been  secured  by  making  these  wood  courses 
of  stock  approximately  2  in.  thick,  rabbetted  on  top  with  the  stucco 
extending  down  over  the  inside  lip,  thus  doing  away  wath  flashing.  Where 
flashings  are  used  on  furred  walls,  it  is  important  that  they  extend  back 
of  the  furring  strips." 

Article  4 : 

Add  the  following  clause  at  the  end  of  the  fifth  sentence:  "Nor 
should  any  wooden  members  (except  inserts  for  nailing)  be  embedded  in 
masonry  walls,  particularly  where  they  are  to  be  covered  with  stucco." 

Article  9,  Paragraph  2 : 

•  Insert  "outside"  before  "face"   in  third  line  of  first  sentence. 

Also  make  same  changes  in  notes  on  page  5  under  "Frame  Walls," 
second  line  of  fifth  sentence. 

The  word  outside  is  added  in  order  to  make  clear  which  face  of  the 
studs  is  meant.  The  point  has  been  raised  that  the  horizontal  brace 
should  be  flush  with  the  inside  face  of  th§  back  plastering  so  as  to  act 
as  a  fire  stop,  but  with  fire  stops  at  floor  and  ceiling  as  recommended 
in  the  second  paragraph  of  the  notes  on  p.  5,  it  seems  unnecessary  to 
make  the  horizontal  bracing  also  act  as  a  fire  stop,  especially  since  the 
end  sought  is  difficult  to  accomplish  in  practice  without  breaking  the  con- 
tinuity of  the  stucco  at"  that  point. 

Article  15,  Paragraph  2 : 

Change   "6-in."   to   read   "10-in." 

Add  to  the  notes  referring  to  this  paragraph  the  following :  "The 
reinforcement  obtained  by  the  xise  of  metal  lath  around  corners  over 
wood  lath  is  important  on  both   interior   and  exterior   angles." 

J.  E.  Freeman,  Chairman, 

Sub-Committee  I. 

Sub-Committee  III — Special  Decorative  Treatments. 

For  the  purpose  of  encouraging  the  wider  use  of  concrete  for  archi- 
tectural purposes,  it  is  the  present  aim  of  the  committee  to  compile  and 
describe  the  methods  of  obtaining  ornamental  finishes  and  decorative 
eff'ects  as  used  by  specialists  in  concrete  work.  It  is  also  the  intention 
of  the  committee  to  procure  photographs  of  finished  structures,  and  from 
time  to  time  to  publish  those  which  best  illustrate  the  range  of  possi- 
bilities in  this  type  of  ornamentation. 
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Method  Used  by  Thompson  d-  Binger  on  Hide  d-  Leather  Buildmg, 
Neiv  York  City. 

The  concrete  was  made  with  the  ordinary  grey  jjortland  cement  and 
regulation  aggregates.  The  facing  mixture  was  composed  of  white  jiort- 
land  cement  and  colored  aggregate,  in  this  instance  consisting  of  rough 
quartz  and  feldspar  chips  mixed  one  part  cement  and  two  parts  aggregate. 

In  placing  this  mixture  metal  lath  was  wired  to  the  outer  reinforc- 
ing bars,  leaving  a  space  of  IV;  to  2  in.  between  it  and  the  outer  form. 
This  space,  usually  filled  with  ordinary  concrete  as  fireproofing,  was  used 
for  the  facing  mixture.  By  keeping  the  level  of  the  facing  concrete  higher 
than  the  backing  concrete,  no  difficulty  was  experienced  in  securing  a 
continuous  face  showing  none  of  the  backing.  Careful  tamping  of  the 
facing  mixture  was  accomplished  by  Yo  in.  bars  with  T-heads.  After  the 
forms  were  removed  any  slight  pointing  up  of  defects  in  the  surface  was 
done  and  the  concrete  allowed  to  cure  all  through  the  winter  before  tool- 
ing was  done.  This  consisted  of  the  regular  method  of  bush-hammering 
to  expose  the  aggregate,  and  the  resulting  surface  is  almost  an  exact 
reproduction  of  natural  granite.  This  was  done  with  the  lower  stories 
and  the  upper  stories  were  surfaced  by  grinding  Avith  carborundum.  Color- 
ing with  'Minwax  waterproofing  of  a  natural  concrete  shade  brought  ^the 
surface  to  an  even  pleasing  color.  This  building  is  a  striking  example 
of  what  can  be  done  in  surfacing  reinforced  concrete. 

Methtds  Used  by  Pennsylvania  Railroad. 

Finishes  Required:  All  showing  faces  of  concrete  work  shall  be  given 
one  of  the  following  special  finishes : 

(a)  Scrubbed  finish  with  granolithic  facing. 

(b)  Scrubbed  finish  without  granolithic  facing. 

(c)  Tooled  finish  Avith  granolithic  facing. 

(d)  Tooled  finish  without  granolithic  facing. 

The  underside  of  concrete  bridges  over  railroads  and  streams  shall  be 
finished  bj4  the  filling  of  any  Avoids  Avhich  appear,  and  brush-coating  with 
cement  to  a  uniform  appearance. 

The  underside  of  concrete  bridges  or  bridge  decks  OA'er  city  streets 
shall  have  the  treatment  just  described  unless  some  further  treatment  is 
called  for  on  the  plans  or  in  the  specifications. 

Granolithic  Facing :  Granolithic  facing  shall  be  composed  ofi  one  part 
cement,  1%  parts  coarse  sand  or  graA^el,  and  2i^  parts  coarse  aggregate, 
made  into  a  stiff  mortar. 

The  sand  shall  contain  no  pebbles  that  will  be  retained  on  a  i/4  in. 
sieve.  Enough  sand  for  the  entire  face  shall  be  set  aside  at  the  outset 
to   insure  uniformity  of  color. 
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The  coarse  aggregate  shall  be  granolithic  grit,  or  pebbles,  as  speci- 
fied. Grit  shall  be  clean  crushed  granite  or  trap  rock.  Pebbles  shall  be 
washed  and  screened.  Samples  of  grit  or  pebbles  weighing  not  less  than 
three  pounds,  shall  be  submitted  for  approval  before  ordering  for  the  work; 
and  enough  material  for  facing  the  entire  work  shall  be  delivered  at  the 
outset  to   insure   uniformity   in   the   face   work. 

The  grit  or  pebbles  shall  pass  a  %  in.  sieve  and  be  retained  on  a  I/4  in. 
sieve.  If  the  material  as  delivered  on  the  work  contains  larger  or  smaller 
sizes,  they  shall  be  screened  out  before  using,  and  sizes  rejected  may  be 
used  in  other  portions  of  the  work,  but  not  in  the  face  work. 


FIMSU    C i-ENNA.    SYSTEM NORTH    PIIILADELrillA,   PA. 


Application :  For  vertical  surfaces  the  facing  mixture  shall  be  de- 
posited against  the  face  forms  to  a  least  thickness  of  4  in.,  kept  separate 
bj'  a  float  board  on  edge,  by  skilled  workmen,  as  the  placing  of  the  con- 
crete proceeds,  and  thus  form  a  part  of  the  body  of  the  work.  For  bridge 
seats  and  other  horizontal  courses  the  mixture  shall  be  deposited  on  the 
concrete  to  a  least  thickness  of  IY2  in-  immediately  after  the  concrete 
has  been  tamped  and  before  it  has  set,  and  shall  be  troweled  to  an  even 
surface.  Thin  sections,  such  as  railings,  parapets,  etc.,  and  other  por- 
tions where  facing  is  not  practicable,  will  be  made  throughout  of  the 
facing  mixture,  and  the  contractor  shall  so  estimate.  The  embedding 
of  stones  of  the  largest  practicable  size  in  such  portions,  is  permissible  so- 
long  as  no  stone  is  nearer  to  the  surfaces  than  3  in.  Care  must  be  taken 
to   prevent  tlie  occurrence   of   air  spaces  or   voids   in  the   surface,   or  any 
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separation  between  facing  mixture  and  the  body  of  the  work.  The  facing 
mixture  must  be  so  spaded  as  to  force  the  coarse  aggregate  against  the 
forms  and  into  all  corners  and  edges.  Films  of  scum  or  grout  must  not 
be  allowed  to  lie  o  nthe  facing  mixture,  and  each  layer  as  added  must  be 
well  chopped  into  that  below,  so  as  to  avoid  the  appearance  of  lines  or 
streaks. 

Scriihhed  Finish  :  For  scrubbed  finish  the  contractor  shall  have  avail- 
able at  least  a  i/$  in.  hose  stream  of  fresh  water,  continual  flow.  The 
face  forms  shall  be  removed  as  soon  as  the  concrete  has  sufficiently 
hardened,  and  any  voids  that  may  appear  shall  be  filled  with  the  mixture. 

The  surface  shall  then  be  immediately  scrubbed  with  brushes  and 
water  until  the  coarse  aggregate  is  exposed,  and  then  rinsed  clean  and 
protected  from  the  sun  and  kept  moist  for  three  days. 

Minor  defects  may  be  patched,  but  all  patching  must  be  done  as  soon 
as  practicable,  and  before  the  body  of  the  concrete  has  dried  out.  Serious 
defects  will  require  the  work  to  be  replaced,  and  for  face  work,  con- 
taining considerable  detail  work,  mouldings,  etc.,  the  forms  shall  be  painted 
as  an  additional  precaution  against  injury  to  the  surface  in  removing 
them. 

After  scrubbing  and  rinsing  a  portion  of  the  face,  all  other  portions 
S'hall  be  washed  dowTi  vigorously  with  the  hose  stream  to  remove  the 
cement  water  which  has  flowed  over  them. 

After  pouring  a  section  of  face  work,  the  entire  face  below  shall  be 
washed  down  vigorously  with  the  hose  stream  to  remove  all  traces  of 
grout  which  may  have  leaked  or  splashed  onto  them. 

When  the  entire  work  is  finished  and  otherwise  ready  for  acceptance, 
the  face  shall  receive  a  complete  and  thorough  washing  and  scrubbing; 
and  acid  shall  be  used  at  this  time  if  directed,  to  remove  stains,  and 
thoroughly  rinsed  off. 

Tooled  Finish :  For  tooled  finish  the  forms  shall  remain  in  place  at 
least  three  days,  and  for  ornamental  work  longer,  as  the  Engineer  may 
direct.  The  workmanship  on  the  forms  shall  be  in  no  way  inferior  to  that 
for  scrubbed  finish,  and  on  removal  shall  leave  perfect  edges^  and  an 
absence  of  joint  marks,  bulges,  etc. 

All  faces  shall  be  tool  dressed  to  remove  the  cement  film  and  expose 
the  coarse  aggregate  after  the  lapse  of  at  least  one  month.  Generally 
the  tool  shall  be  a  six-cut  "patent  hammer"  or  "bush  hammer,"  and  for 
small  details,  molding,  edges,  etc.,  the  dressing  shall  be  done  with  the 
tool  best  suited  to  the  purpose.  This  detail  work  shall  be  done  by 
journey-men  stone  cutters,  or  workman  having  equivalent  experience  and 
capable  from  the  outset  of  securing  perfect  edges  and  finish  acceptable  to 
the  engineer. 

E.  D.   BoYEE,   Chairman, 

Sub-Committee  III. 
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Sub-Committee  IV — Interior  of  Buildings. 

The  treatment  of  interior  concrete  surfaces  is,  in  a  broad  way, 
similar  to  that  of  exteriors  except  that  interiors  are  not  exposed  to 
action  of  tlie  elements  and  usually  it  is  desirable  to  produce  smoother 
finishes  and  finer  details. 

To  get  a  better  understanding  of  the  sub-divisions  covering  this  sub- 
ject the  report  of  Sub-Committee  11  on  Exterior  Finish  as  printed  in 
Proceedings,  American  Concrete  Institute,  1921,  pp.  308-14,  should  be 
read  first,  as  reference  to  this  report  are  made  herein. 

The  important  points  of  difference  in  treatment  of  exterior  and 
interior  surfaces  are  brought  about  by  the  action  of  water  and  frost. 
On  exteriors  these  agencies  get  at  the  entire  exposed  surface  while  on 
interiors  frost  does,  not  usually  occur,  and  the  problem  of  stopping  the 
penetration  of  moisture  or  dampness  through  the  walls  to  the  back  of 
the  finish,  or  of  stopping  condensation  on  the  surface,  is  the  most  difficult 
one  to   solve. 

The  treatment  of  interior  concrete  surfaces  can  be  separated  into  the 
following  sub-divisions. 

I.    Pointing  and  smoothing. 
II.    Waterproofing. 
III.    Cement  Wash. 
TV.    Painting. 
V.    Plastering. 

I.   Pointing  and  Smoothing. 

To  this  applies  all  that  has  been  said  under  the  general  Committee's 
Report  in  the  Proceedings  of  the  Institute  for  1921,  p.  309  (Sub-Com- 
mittee II,  Method  2,  Cleaning  and  Patching.). 

A  finer  sand  may  be  used  for  pointing  interiors;  also  the  pointing 
mortar  may  contain  an  addition  of  hydrated  lime  up  to  20%  by  volume 
of  the  cement. 

If  a  very  smooth  surface  is  required  a  power  grinder  of  commercial 
make  may  be  used,  if  the  area  is  large,  say  15,000  sq.  ft.  or  ov^er.  With 
an  investment  of  $300  for  a  small  twenty  pound  machine  the  work  can 
be  done  for  2  cents  to  4  cents  per  square  foot.  By  using  long  handled 
carborundum  stones  the  work  can  be  done  by  hand  labor  ($5.00  for  8 
hours)  at  a  cost  of  about  0  cents  to  8  cents  per  square  foot.  The  cost 
will  vary  with  smoothness  required  and  with  the  age  of  the  concrete  and 
toughness  of  the  aggregate,  but  here  as  in  exterior  work  better  results  are 
obtained  by  doing  the  rubbing  as  soon  as  possible  after  the  concrete  is  set. 

Under  no  condition  should  a  cement  wash  be  brushed  on  a  concrete 
surface  if  it  is  expected  to  paint  the  surface  later. 

It  is  desirable  to  wire  brush  the  entire  surface  in  all  cases  except 
wliere  a  cement  wash  is  to  be  applied,  and  even  for  a  wash  wire  brush- 
ing is  not  objectionable  especially  on  all  jiarts  where  mortar  aiul  water 
from  concrete  have  run  down  the  surface. 
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II.    Waterjiroopng. 

A.  Under  Hydrostatic  Pressure. — In  most  cases  where  considerable 
hydrostatic  pressure  is  encountered  on  new  construction,  the  waterproofing 
treatment,  usually  of  the  membrane  type,  will  be  applied  to  the  outside 
of  a  wall  that  has  been  placed  with  due  regard  to  proper  proportioning, 
mixing,  and  depositing  of  the  concrete  so  as  to  obtain  a  compact  mass 
free  from  seams  or  day's  work  planes.  Under  low  heads  the  membrane 
treatment  may  often  be  omitted. 

In  cases  where  minor  leaks  occur  at  seams  or  joints  these  must  first 
be  stopped  by  cutting  back  the  joints  and  sealing  with  a  cement  mortar 
to  which  some  accelerator  such  as  calcium  chloride  has  been  added  to 
hasten  hardening  (3%  by  weight  of  the  cement  is  efi'ective).  In  cases 
of  considerable  seepage  temporarj'^  bleeder  pipes  may  be  necessary  to 
relieve  the  pressure  until  the  mortar  has  hardened,  after  which  the 
bleeders  may  be  removed  and  the  holes  similarly  sealed. 

The  entire  surface  of  the  wall  may  then  be  plastered  with  two  or 
three  coas  of  cement  mortar  thoroughly  mixed  and  carefully  applied  by 
hand.  Where  a  machine  such  as  the  cement  gun  is  used  one  coat  may  be 
suflicient.  If  desired  as  an  extra  precaution  an  integral  waterproofing 
compound  may  be  used  in  the  mortar  provided  it  is  durable  and  will  not 
materially  weaken  the  strength  of  the  mortar. 

Wall  waterproofing  treatment  under  lij^drostatic  pressure  should 
preferably  be  done  by  those  specializing  in  such  work  who  can  furnish 
bond  and  guarantee  of  satisfactory  results. 

B.  Dampproofing  Walls. — In  buildings  where  condensation  of  moisture 
on  interior  surfaces  of  exterior  walls  above  ground  is  likely  to  occur  or 
where  definite  assurance  against  dampness  is  desired,  the  walls  should  be 
insulated  by  means  of  furring  and  lathing  or  furring  tile  before  plaster- 
ing, unless  such  insulation  has  been  provided  within  the  wall  itself  as 
in  the  case  of  double  wall  construction. 

In  buildings  where  assurance  against  dampness  is  of  secondary  im- 
portance a  single  coat  of  cement  plaster  (to  which  20%  of  hydrated  lime 
by  volume  of  cement  is  add-ed)  may  be  applied  on  the  well  cleaned  and 
roughened  surface,  and  the  surface  should  be  left  in  condition  to  receive 
either  finish  plaster  or  paint  as  may  be  called  for. 

In  the  majority  of  cases  the  problem  is  not  so  much  one  of  checking 
penetration  of  moisture  through  the  wall  as  of  sufficient  insulation  to 
prevent  condensation  of  moisture  on  the  interior  wall  surface. 

///.    Cement  Wash  or  Riihhed  Fhvish. 

See  1921  Proceedings,  A.  C.  I.,  Committee  on  Treatment  Concrete 
Surfaces,  pp.  311-12,  Sub-Committee  TI,  Method  3,  Cement  Wash,  and 
Method  4,  Rubbed  Finish. 
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The  same  recommendations  apply  to  the  treatment  of  interior  concrete 
surface  as  to  exterior  treatments. 

IV.    Painting  of  Cement  and  Concrete  Surfaces. 

A.  With  Linseed  Oil  Paints. 

Preparation  of  Surface:  If  the  surface  is  freshly  made  or  contains 
any  substantial  percentage  of  free  lime  (oxide  or  hydrate),  there  should 
first  be  applied  a  neutralizing  liquid  made  by  dissolving  3  lb.  of  zinc  sul- 
phate crystals  in  one  gallon  of  water.  This  should  be  applied  by  a  brush, 
spray,  or  similar  means.  It  will  react  with  the  free  lime,  forming  neutral 
pigments  (calcium  sulijhate  and  zinc  hydrate)  which  will  have  no  effect 
upon  subsequently  applied  oil  liquids.  After  allowing  a  period  of  twenty- 
four  hours  for  the  thorough  drying  of  the  cement  or  concrete  svirface, 
the  paint  may  be  applied  by  brush  or  by  spray. 

PaintiQig  Interior  Surfaces  of  Cement  and  Concrete:  Any  linseed 
oil  paint  desired  may  be  applied  to  interior  concrete  surfaces.  It  is  sug- 
gested, however,  that  for  white  and  light  tints,  paints  in  conformance 
with  specifications  of  the  U.  S.  Interdepartmental  Committee  (Circular 
89  of  the  Bureau  of  Standards)  will  give  excellent  results.  Where  a 
flat  or  matte  surface  paint  is  desired,  the  use  of  flat  wall  lithophone 
paints  of  the  type  recommended  in  Circular  111  of  the  Bureau  of  Stand- 
ards is  advocated.  Mill  whites  of  the  gloss,  egg-shell  or  flat  types,  made 
of  lithophone  and  zinc  oxide  combinations,  are  suggested  where  high 
illumination  is  desired  in  factories. 

B.  Water  Paints. 

Paints  of  either  the  hot  or  cold  water  type  may  be  applied  to  almost 
all  concrete  surfaces.  Rough  cast  concrete  left  as  it  comes  from  the 
forms  may  successfully  be  brushed,  painted,  or  sprayed.  In  most  cases, 
however,  it  is  better  for  appearances  to  point  and  smooth  the  surface  as 
described  under  sub-division  I  of  this  report,  inasmuch  as  air  holes  and 
rough  spots  will  be  sure  to  cast  heavy  shadows  after  the  coating  has  been 
applied  and  therefore  be  more  apparent  than  would  be  the  case  if  no 
coating  had  been  applied  to  the  surface. 

An  excess  of  form  oil  or  grease  on  the  surface  of  the  concrete  will 
be  injurious  in  two  ways  to  this  coating — first  by  preventing  proper  bond 
between  the  paint  film  and  the  concrete,  resulting  in  scaling  or  jiceling; 
second  by  possibly  penetrating  the  paint  and  causing  unsightly  stains 
to  appear  on  the  surface. 

If  forms  are  greased  where  the  siirface  is  later  to  be  covered  with 
water  paints,  care  should  be  taken  that  this  coat  is  as  uniform  and  thin 
as  possible,  and  it  may  be  desirable  to  use  soft  soap  as  a  form  coating 
svhere  water  paints  are  to  be  applied. 
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The  same  smoothness  of  surface  will  be  apparent  before  and  after 
applying  the  water  paints  and  the  amount  of  smoothness  should  there- 
fore be  determined  upon  and  obtained  before  the  cold  water  paint  is 
applied,  as  the  water  paint  does  not  obliterate  roughness,  board"  marks, 
or  texture  but  merely  gives  the  surface  a  uniform  color. 

"  The  porosity  of  the  surface  will  determine  the  amount  of  paint  to 
be  used  on  a  given  area  as  the  rapid  absorption  of  the  liquid  from  the 
paint  has  the  effect  of  thickening  the  paint  film,  though  this  may  be 
overcome  by  first  dampening  the  wall  with  a  light  spray  of  water  or  by 
diluting  the  paint  to  a  consistency  thinner  than  is  desirable  for  less 
absorbent  surfaces. 

There  is  a  very  wide  difference  in  the  covering  capacity  and  in  the 
hiding  power  of  the  various  water  paints  on  the  market. 

The  user  of  cold  water  paint,  should  consider  the  covering  capacity 
as  compared  with  the  price,  inasmuch  as  the  more  expensive  material 
may  often  be  less  expensive  per  square  foot  area  of  finished  work. 

Where  prepared  compounds  are  not  available  or  not  desired  a  coating 
of  whitewash  may  answer  the  pvirpose  as  well  as  the  moi;e  expensive 
patented  products.  In  such  cases  the  addition  of  a  binder  will  create  a 
more  durable  coating,  and  it  is  possible  to  prevent  powdering  and  scaling 
in  this  manner. 

A  Government  light-house  formula  for  whitewash  will  work  well  on 
concrete.  The  adhesives  to  be  recommended  are  flour  paste  or  glue.  Lin- 
seed oil  may  be  added  as  an  adhesive.  It  should  then  be  mixed  with  the 
lime  and  water  while  still  hot  from  the  slaking  of  the  lime. 

The  following  formulas  may  be  used,  and  will  be  found  not  to  rub 
off  excessively  after  application? 

(a) — Slake  50  lb.  white  lump  lime  to  paste.  While  hot  stir  in  one 
gallon  boiled  linseed  oil.  Thin  to  consistency  of  cream  with  water.  If 
yellow  or  cream  color,  add  laundry  bluing  dissolved  in  water. 

(b) — Slake  100  lb.  white  lump  lime,  strain,  add  5  gallon  strong  salt 
brine,  5  gallons  cooked  flour  paste,  l^/o  gallons  dissolved  glue.  Thin  with 
water  to  working  consistency. 

V.  Plastering. 
1.  Furring.''' — If  it  is  desired  to  plaster  the  interior  surface  of  an 
(See  Section  II,  B,  Dampproofing  Walls,  page  — ).  If  furring  is  not  used 
there  is  a  possibility  that  the  penetration  of  moisture  through  the  wall 
may  injure  the  decorations  on  the  plaster.  There  is  also  the  possibility 
that  the  relatively  high  heat  conductivity  of  the  wall  will  cause  con- 
densation on  the  interior  surface,  thereby  injuring  the  decorations  and 
will  also  be  uneconomical  in  the  amount  of  fuel  required  to  heat  the 
building.     The  use  of  furring  will  very  largely  overcome  these  difficulties. 


*It  is  the  committee's  intention  to  prepare  further  recommenclations  regard- 
ing the  use  of  furring  and  bituminous  bond  coats  during  the  coming  year, 
exterior  concrete  wall  it  is  recommended  in  general  that  furring  be  used. 
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2.  Where  plaster  is  to  be  applied  directly  to  concrete  the  following 
requirements  should  be  included  in  the  specifications : 

3.  -Boughmess. — The  surface  of  the  concrete  should  be  rough.  If  it 
is  known  beforehand  that  the  concrete  is  to  be  plastered  the  desired 
degree  of  roughness  can  be  obtained  by  the  use  of  unplaned  lumber,  for 
forms  or  by  some  similar  device.  If  the  concrete  is  quite  smooth,  it  must 
be  roughened  and  this  can  be  best  accomplished  by  chopping  it  with  a 
hatchet.  The  roughness  is  very  necessary  in  order  that  a  proper  bond 
between  the  plaster  and  the  concrete  can  be  obtained.  A  power  surfacer 
is  in  the  market  as  mentioned  under  Sub-division  I,  provided  with  a  disc 
on  which  are  mounted  a  number  of  steel  cutting  wheels  that  chip  the 
surface  of  concrete  and  leave  it  roughened  in  much  the  same  manner  as 
a  bush  hammer  would  do. 

4.  The  concrete  should  he  clean. — This  means  that  it  must  be  free 
from  loose  particles,  from  dust,  from  laitance,  and  from  grease.  Dust, 
loose  particles,  and  laitance  will  be  sufficiently  removed  by  the  roughen- 
ing process  specified  in  the  preceding  paragraph.  If  grease  spots  occur 
over   considerable   areas  they  should   be  burnt   off  with   a   blow  torch. 

5.  The  concrete  should  be  wet. — If  it  is  possible  to  apply  the  plaster 
before  the  green  concrete  has  completely  dried  out,  then  no  wetting  is 
required.  If,  however,  the  concrete  has  dried,  then  it  must  be  wetted 
before  plastering.  The  degree  of  wetness  is  extremely  important.  If  the 
concrete  is  too  dry,  it  will  suck  water  out  of  the  plaster  rapidly,  which 
may  increase  the  difficulty  of  spreading  the  plaster  and  which  will  cer- 
tainly impair  the  final  hardening  of  it.  If  the  concrete  is  too  wet,  the 
surface  pores  will  be  so  filled  with  water  that  it  will  be  physically  im- 
possible to  push  the  plaster  into  these  pores.  This  will  result  in  a  very 
weak  bond  between  the  j^laster  and  the  concrete,  or  in  extreme  cases 
it  may  be  found  impossible  to  ajDply  the  plaster.  If  the  concrete  it  wetted 
by  the  application  of  water  to  its  surface,  as  it  must  be  in  all  cases 
except  where  the  plaster  is  being  applied  to  green  concrete,  then  the 
appearance  of  the  surface  is  not  always  an  indication  of  the  wetness  of 
the  concrete.  It  takes  some  time  for  the  mass  of  dry  concrete  behind  the 
surface  to  suck  in  the  water.  At  present  it  requires  considerable  practical 
experience  in  order  to  determine  just  what  is  the  proper  degree  of  wetting. 

6.  Thickness  of  grounds. — The  principal  consideration  in  determin- 
ing the  thickness  of  grounds  in  plastering  on  concrete  is  that  the  plaster 
should  be  as  thin  as  possible.  Besides  a  saving  of  material  the  thinness 
of  the  plaster  coat  will  tend  to  prevent  cracking  and  will  lessen  the  weiglit 
which  the  concrete  has  to  carry.  Because  of  the  fact  that  the  concrete  is 
rough  and  that  this  roughness  is  necessary  to  obtain  a  good  mechanical 
bond,  there  is  a  minimum  thickness  of  plaster  below  which  it  is  imprac- 
tical to  go.  The  thickness  which  is  usually  specified  is  %  in.  It  is  recom- 
mended that  this  be  reduced  to  at  least,  y^  in.  or  %  in.  if  possible. 


Report  of  Committee  C-3.  289 

7.  Number  of  coats. — Where  it  is  desired  to  have  a  smooth  troweled 
finish  it  will  be  necessary  to  apply  the  plaster  in  two  coats.  The  first 
coat  should  be  bonded  thoroughly  to  the  concrete  by  troweling  it  into  all 
of  the  depressions  and  pores.  It  should  be  brought  out  flush  with  tho 
grounds  and  darbied  to  a  true  and  even  surface.  The  second  coat  should 
be  as  thin  as  it  is  possible  to  make  it  without  having  the  first  coat  show 
through.  This  should  be  troweled  down  to  a  smooth,  hard  finish.  Where 
a  smooth,  troweled  finish  is  not  required  one  coat  will  be  sufficient  but 
this  can  not  be  a  white  coat.  If  this  has  been  brought  out  to  grounds 
and  darbied  true  it  may  be  further  finished  by  means  of  a  wood  float 
or  in  any  other  approved  manner.  A  single  coat  of  white  plaster  is  almost 
certain  to  eventually  loosen  from  a  concrete  surface. 

8.  Materials. — For  the  first  coat,  it  is  recommended  that  a  mixture 
of  one  part  of  hydrated  lime  to  three  parts  of  sand,  by  volume,  be  used. 
This  may  be  masons'  hydrate  or  finishing  hydrate.  For  the  second  coat 
of  a  smooth,  troweled  finish,  use  two  volumes  of  lime  putty  made  by 
soaking  finishing  hydrate  with  an  excess  of  water  for  at  least  48  hours 
before  using,  and  adding  one  volume  of  dry  calcined  gypsum  immediately 
before  application. 

J.  G.  Ahlers,  Chairman, 

Sub-Committee  IV. 

Sub-Committee  V — Bond  of  Applied  Coatings. 

For  the  preliminary  tests  for  measuring  the  bond  of  applied  coatings 
by  freezing  and  thawing  specimens  of  two  coat  stucco  work  on  a  hollow 
tile  base  were  used.  Three  8x12x6  in.  tile,  one  soft,  one  medium  and  one 
hard  burned  were  selected  and  then  split  lengthwise  to  give  six  specimens 
8x12  in.  in  size.  The  plaster  was  hand  mixed  in  the  proportions  1 :  3  by 
weight  to  plastering  consistency. 

Before  applying  the  first  coat  grounds  were  fastened  to  the  sides 
and  ends  of  the  base  to  obtain  a  coat  exactly  %  in.  thick.  The  face  of 
the  tile  was  thoroughly  dampened  and  just  before  a^jplying  the  plaster  it 
was  wiped  with  a  piece  of  waste  so  no  free  water  was  left  on  the  surface. 
The  coat  was  applied  with  a  trowel  and  screeded  to  an  even  surface  and 
as  intial  set  was  taking  place  floated  with  a  wooden  float.  The  grounds 
were  removed  three  hours  after  coating  and  the  specimens  placed  in  a 
damp  closet  for  three  days,  then  exposed  to  the  air  of  the  laboratory  for 
four   days   before   applying  the   second   coat. 

In  order  to  bring  in  some  variation,  three  treatments  of  preparing 
the  first  coat  to  receive  the  second  were  introduced.  The  coats  of  the 
hard  burned  tile  specimens  were  saturated  with  water  and  free  water 
was  allowed  to  stand  on  the  surface  when  the  second  coat  was  applied. 
Those  on  the  medium  burned  tile  were  thoroughly  dampened  with  no  free 
water.  The  coat  of  the  soft  burned  tile  specimens  were  treated  with  a 
thick   creamy  grout.     This  was  brushed   on   in  a  thin   uniform  coat  just 
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before  the  application  of  the  second  coat.  The  second  coat  was  ^  in. 
thick  in  all  cases  and  the  method  of  applying  was  the  same  as  that  used 
for  the  first  one.  The  specimens  were  again  stored  in  the  damp  closet 
for  three  days  and  then  exposed  to  the  air  of  the  laboratory. 

The  specimens  were  allowed  to  age  in  the  open  air  of  the  laboratory 
for  nine  and  one  half  months  when  one  of  each  kind  was  subjected  to 
alternate  thawing  and  freezing  action.  The  period  of  frost  action'  varied 
from  7  to  16  hours  and  the  specimens  after  being  subjected  to  167  freezings 
show  no  sign  of  disintegration  or  splitting  of  the  coats  from  each  other 
or  from  the  base. 

If  the  results  of  these  freezings  and  thawing  tests  can  be  taken  as 
a  measure  of  the  effect  of  actual  weathering,  stucco  applied  as  it  was 
applied  to  these  test  specimens  would  last  indefinitely  and  there  would 
be  no  need  to  fear  separation  and  falling  of  finish  coats.  The  only  inter- 
pretation which  can  be  placed  on  these  results  at  the  present  time  is  that 
the  experimental  work  was  better  than  the  average  found  in  actual  practice 
and  the  application  of  stucco  finishes  as  ordinarily  done  on  the  job  must 
be  used  to  determine  the  conditions  which  give  the  best  bond. 

While  it  is  not  thought  mechanical  devices  will  give  a  true  measure 
of  the  factor  which  we  are  seeking,  attention  is  called  to  the  work  done 
by  the  Bureau  of  Public  Roads  on  this  subject  published  in  the  June,  1919, 
number  of  Public  Roads. 

Frank  A.  Hitchcock,  Chairman, 

Sub-Committee  V. 

Respectfully  submitted  in   behalf  of  Committee  C-3, 

J.  C.  Pearson,  Chairman. 


DISCUSSION. 

H.   J.   Brunnier. — Did  Mr.  Pearson  mention  what  we  call  hard  wall  ^^-  Brunmer. 
white  finish  plaster  coat,  placed  direct  on  concrete? 

J.  C.  Pearson. — I  mentioned  the  fact  that  the  evidence  we  have  does  ^^-  Pearson, 
not  seem  to  warrant  the  recommendation  of  the  use  of  wall  plaster. 

Mr.  Brunnier.— We  have  a  good  deal  of  that  in  San  Francisco.  I  Mr.  Brunnier. 
recall  particularly  a  knitting  mill  in  which  there  are  a  good  many 
machines  operating,  with  considerable  vibration.  We  put  this  coat  right 
on  on  the  rough  concrete,  and  it  has  been  on  eight  years  now  and  is  still 
there  and  has  not  cracked  in  a  single  place.  There  are  any  number  of 
other  buildings  where  we  have  done  the  same  thing. 

Mr.  Pearson. — That  was  not  a  straight  gypsum  coat.  ^^-  P^aison- 

Mr.  Brunnier. — No,  it  was  what  we  call  the  hard  wall  finish  coat;   Mr.  Brunnier. 
instead  of  putting  the  scratch  coat  on  first,  we  put  this  finish  coat.     It 
is  lime. 

Mr.   Pearson. — That's   all   right.  Mr.  Pearson. 

John  G.  Ahlers. — As  a  sub-committee  chairman,  I  want  to  add  one  Mr.  Ahlers. 
word  to  Mr.  Pearson's  report.  As  he  said,  considerable  discussion  has  been 
developed  among  the  members  of  my  particular  sub-committee,  a^nd  I  would 
earnestly  ask  all  the  members  of  the  Institute  to  read  it  through  and 
give  the  committee  the  benefit  of  their  ideas  and  thoughts  on  the  subject. 
There  has  been  much  difi"erence,  honest  diff'erence  of  opinion,   among  the  ' 

members  of  the  sub-committee  as  to  the  type  and  amount  of  furring 
wanted  and  the  method  of  treating  the  interior  of  concrete  buildings. 
I  would  like  the  interest  and  criticism  and  advice  from  members  of  the 
Institute  during  the  coming  year,  to  help  the  committee  out  in  its  work. 

Charles  E.  Nichols. — I  would  like  to  ask  the  chairman  of  the  com-  Mr.  Nichols, 
mittee,  first,  if  the  evidence  which  they  considered  indicated  that  there 
was  no  need  of  using  bituminous  compounds  or  paints  on  concrete  surfaces 
ordinarily  roughened  to  insure  sufficient  bonding  of  the  plaster  coat  to 
them,  and  provided  there  were  indications  of  need  for  it,  whether  any*  par- 
ticular types  were  investigated. 

Mr.  Pearson. — The  committee's  feeling  on  that  subject  is  that  the  Mr.  Pearson, 
bituminous  bond  coats  are  not  to  be  recommended.  I  cannot  cite  the  evi- 
dence very  well,  and  the  committee  itself  has  done  no  investigative  work, 
but  nearly  all  sources  of  available  information  have  been  drawn  upon,  and 
it  seems  to  be  the  consensus  of  opinion  of  those  who  have  participatied  in 
the  work — and  that  includes  the  plastering  conference  which  originated 
at  the  Bureau  and  the  report  of  which  will  soon  be  issued — that  the  best 
recommendations  were  against  the  use  of  bituminous  bond  coats- 

A.    B.    Cohen. — In    connection    with    the    bituminous    bond    coat,    the  Mr.  Cohen. 
Lackawanna  R.  R.  at  South  Orange.  N.  J.,  built  a  flat  slab  viaduct  400  ft> 
long,   and   a   station   underneath   this   viaduct.     They  iised   in  the   station      jC tijh^^ 
court  the  bituminous  paint  or  compound  to  plaster  the  underside  of  the 
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Mr.  Cohen,  slab.  That  lias  been  on  at  least  six  years,  and  with  all  the  vibrations 
of  the  trains  overhead,  there  has  not  been  a  single  crack  in  the  plaster. 
I  think  the  surface  was  not  roughened  to  any  extent,  but  just  the  rough 
form  lumber  was  used,  and  then  this  bituminous  paint  or  bonding  coat 
was  applied  to  the  underside  of  the  slab.  Then  it  was  plastered  with, 
I  believe,  just  the  one  coat.  There  is  a  field,  I  think,  for  the  bituminous 
paint  or  bonding  plaster  on  the  outside  of  a  slab. 


REPORT  OF  THE  SPECIAL  COMMITTEE  ON  THE  APPLICATION  OE 
METAL  FORMS  TO  REINFORCED-CONCRETE  CONSTRUCTION 

In  the  progress  report  of  the  committee  last  year  the  intention  to 
adhere  to  column  and  floor  form  systems  for  building  construction  was 
stated.  The  use  of  metal  forms  for  chimneys,  sewers,  retaining  walls,  etc., 
has  been  an  accepted  practice  for  some  time  among  contractors  handling 
those  types  of  constriiction,  but  in  nearly  every  case  the  steel  forms  offer 
advantages  in  lightness,  portability,  strength,  or  ease  of  assembly  that  can- 
,not  be  obtained  with  wood  forms  which  for  such  work  are  usually  heavy 
and  cumbersome. 

For  building  construction,  however,  wood  forms  are  relatively  light 
and  easily  handled.  Because  of  their  practically  standard  character  on  all 
buildings  the  labor  operations  of  erecting  and  stripping  can  usually  be 
performed  by  skilled  men  at  very  low  cost.  It  is  therefore  in  the  appli- 
cation of  metal  forms  to  column  and  floor  systems  in  industrial  building 
construction  of  reinforced  concrete  that  the  closest  study  is  necessary  if 
the  contractor  is  to  obtain  a  satisfactory  job. 

On  every  job  there  are  always  a  number  of  factors,  .sometimes  con- 
flicting, that  have  to  be  given  consideration  in  planning  the  work.  A 
satisfactory  job  is  one  in  which  the  greatest  number  of  these  factors  can 
be  embodied  to  the  advantage  of  the  operation.  Among  the  factors  that 
will  occur  off-hand  to  almost  any  contractor  are:  Speed  of  work,  condi- 
tion of  labor  and  lumber  markets,  ability  and  efficiency  of  labor,  area  and 
height  of  building  as  affecting  number  of  uses  that  the  forms  will  give, 
summer  or  winter  weather,  etc.,  etc. 

It  is  only  by  considering  each  and  every  one  of  the  numerous  factors 
involved',  by  careful  study  and  by  analysis  of  each  job  as  a  separate  prob- 
lem, that  a  contractor  can  determine  whether  wood  or  steel  forms  should 
be  used..  No  sweeping  generalizations  are  possible;  a  factor  of  minor 
importance  on  one  job  may  be  of  major  importance  on  the  next.  It  was 
the  feeling  of  the  committee  that  the  greatest  importance  be  given  this 
matter  of  analysis  of  conditions. 

Some  of  the  points  to  be  considered  by  a  contractor  before  committing 
himself  to  either  wood  or  steel  forms  are  given  below. 

I.     General 

(a)  Cost  of  materials;  labor  making,  erecting  and  stripping  form 

centering. 

(b)  Rental  cost  of  metal  form  panels. 

(c)  Cost  of  erecting  and  stripping  metal  forms. 

Note:    Items  la  and  lb  may  become  one  if  the  erection  of 
metal  forms  is  let  on  sub-contract. 
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(d)  Will  the  metal  forms  be  delivered  to  the  job  in  time  to  avoid 

delay  to  the  construction  work? 

(e)  Will  the  use  of  metal  forms  require  employing  a  mechanical 

trade  not  otherwise  needed  on  the  building,  and  if  so,  will 
this  possibly  lead  to  labor  complications? 

(f)  If  metal   forms   are  handled  by  sheet  metal  trade  and   car- 

penter labor  is  scarce,  labor  conditions  may  be  improved  by 
the  use  of  metal  forms. 

(g)  Will  the  use  of  metal  forms  necessitate  purchasing   lumber 

for  various  other  purposes,  such  as  biicks,  grounds,  bulk- 
heads, etc.,  for  which  old  form  lumber  is  originally  used? 

(h)  If  metal  floor  forms  are  used,  can  they  be  utilized  also  for 
wall  forms,  saving  the  cost  of  wood  although  the  cost  for 
labor  on  metal  forms  may  be  high? 

(i)  If  wood  forms  are  used  for  walls,  will  the  excessive  material 
cost  overbalance  possible  economies  otherwise  ofl'ered  by 
metal  forms? 

(j)  Will  the  smooth  surfaces  resulting  from  the  use  of  metal 
forms  be  desirable  as  giving  a  better  appearance,  reducing 
the  cost  of  pointing  or  painting  or  other  finishing,  or  as 
giving  results  in  any  way  for  which  the  owner  would  be 
required  to  spend  additional  money  if  wood  forms  were 
used? 

(k)  Will  the  smooth  surfaces,  or  the  possibility  of  their  being 
oil-soaked,  be  detrimental  and  require  the  expenditure  of 
money  for  special  treatment  preparatory  to  painting,  plas- 
tering or  otherwise  finishing  the  surfaces? 

(1)  Winter  weather  construction.  Metal  forms  to  a  slight  extent 
lessen  the  fire  hazard  where  salamanders  are  in  use,  and 
because  of  the  heat-conducting  qualities  of  the  metal  make 
it  easier  to  keep  the  poured  concrete  above  70°  while 
setting. 

II.  Recital  Basis.  If  the  general  contractor  rents  the  metal  form  panels 
and  erects  with  his  own  labor  the  following  points  should  also  be 
considered : 

(a)  Will  the  use  of  metal  forms   cause   labor  difficulties  due  to 

jurisdictional  disputes  as  to  which  trade  should  handle 
them? 

(b)  If   metal   forms   cannot   be   handled   by   carpenters  will   this 

disorganize  the  labor  forces  by  necessitating  intermittent 
hiring  and  discharging  the  diff'erent  trades,  or  can  the  job 
be  organized  to  give  continuous  employment  to  all  trades, 
thus  making  employment  attractive  to  the  best  workmen? 

III.  Buh-Contract  Basis.  If  the  erection  and  handling  of  metal  forma  is 
let  on  a  sub-contract  either  to  the  form  manufacturer  or  to  an 
outside  erector,  the  following  points  should  be  considered: 
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(a)  Will  the  introduction  of  another  sub-contractor  tend  to  slow 

up  the  progress  of  the  job  and  thereby  result  in  an  increased 
cost  of  any  part  of  the  work?  On  rush  jobs  this  question 
of  the  general  contractor  losing  the  absolute  control  over 
the  speed  of  the  work  that  he  has  when  all  the  form-work 
is  done  by  his  own  organization,  may  be  of  extreme 
importance. 

(b)  Will  the  introduction  of  another  sub-contractor  tend  to  sim- 

plify or  complicate  the  labor  situation?  If  local  labor  is 
scarce,  bringing  in  an  outside  organization  may  relieve  the 
situation  somewhat. 

(c)  Can  the  sub-contractor  be  depended  upon  to  co-operate  with 

the  others  to  the  best  advantage  of  the  job  as  a  whole;  or 
will  his  presence  (since  he  will  be  primarily  interested  in 
the  cost  of  his  own  work  regardless  of  others)  tend  to 
increase  the  cost  of  other  work? 

Some  of  the  items  in  the  list  just  given  may  be  discussed  a  little  more 
fully  to  good  advantage.  There  is  for  example  the  first  item  on  the  list, 
I  (a)  Cost  of  materials,  etc.  For  a  square  bay  of  wood  forms  there  will  be 
required,  for  example : 

ft.  B.M.  %"  roofers  plus  waste  allowance. 

_ ft.  B.M.  3"  X  4"  spreaders 

„ :. ft.  B.M.  1"  X  4"  or  1"  x  6"  battens 

ft.  B.M.  4"  X  6"  headers 

ft.  B.M.  4"  X  4"  shores 

Total,  ft.  B.M.  required  per  bay  of sq.  ft. 

For  this  lumber  there  will  be  several  charges : 

(a)  Purchase  price  of  material. 

(b)  Labor  to  receive   (unload  from  truck  and  pile). 

(c)  Labor    to    handle    from    pile    to    bench,    and    labor 

fabricating. 

The  total  of  these  three  items,  divided  first  by  the  number  of  uses  the 
forms  will  give,  and  second  by  the  number  of  square  feet  per  day,  will  give 
what  is  practically  the  material  cost  per  square  foot.  To  this  must  be 
added  the  labor  cost  per  square  foot  to  erect,  strip,  carry,  hoist,  and  patch 
ready  to  erect  again.  The  total  of  these  two,  material  and  labor,  may  be 
taken  as  the  square  foot  cost  for  the  job  under  consideration. 

Against  them  must  be  set  the  cost  of  the  steel  forms,  taken  in  the  same 
way.  The  headers  and  shores  on  the  lumber  list  will  be  retained.  The 
actual  quantity  may  be  more  or  less  according  to  the  permissible  span  of 
the  metal  pans.  Purchase  price  and  labor  to  receive  and  handle  will  have 
to  be  figured  on  the  quantity  of  lumber  required.  This  will  give  the  mate- 
rial cost,  unless  the  forms  are  rented  on  a  square  foot  basis,  in  which  case 
the  rental  will  have  to  be  included. 
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Labor  erecting  and  stripping  may  be  the  contractor's  own  figure  for 
the  work,  or  it  may  be  a  sub-contract  figure  for  the  work.  Added  to  the 
material  cost  it  will  give  a  cost  per  square  foot  that  can  be  compared  with 
the  cost  for  wood  forms. 

It  is  interesting  to  note  here  that  few  contractors  have  any  idea  of  how 
much  of  the  labor  erecting  and  stripping  is  given  to  the  floor  forms,  and 
how  much  to  the  shoring.     Before  accepting  a  statement  that  the  propor- 


FIG.  1. 


tion  is  any  given  figure  the  contractor  should  make  a  check  on  one  or  two 
of  his  own  jobs,  as  the  proportion  will  often  be  reversed  in  two  diflferent 
organizations. 

Items  I  (g)  (h)  (i).  A  job  may  require  200,00  ft.  of  lumber  for 
floor  forms,  most  of  which  will  be  used  up  afterward  for  curtain,  parapet 
and  penthouse  walls,  etc.  50,000  feet  of  new  lumber  may  be  needed  in  addi- 
tion to  complete  the  formwork.  If  metal  forms  are  used  it  may  be  pos- 
sible to  avoid  buying  100,000  ft.  of  the  lumber  that  would  ordinarily  have 
been  bought  for  floor  forms,  but  it  may  happen  that  miscellaneous  uses 
around  the  job  would  have  ordinarily  consumed  75,000  ft.  of  the  200,000 
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which  would'  have  been  bought  for  wood  floor  forms,  and  which  will  have 
to  be  bought  just  the  same  for  walls,  stairs,  etc.  We  would  then  have 
bought  for  metal  forms  the  100,000  ft.  for  shoring,  plus  the  75,000  for 
miscellaneous  purjjoses  plus  the  additional  50,000  ft.  required  in  either 
case,  making  a  total  where  steel  forms  are  used  of  225,000  ft.  The  cost 
of  the  extra  lumber  may  more  than  offset  the  saving  in  labor  and  material 
for  floor  forms  figured  alone. 

On  one  job  that  has  been  brought  to  the  attention  of  the  committee  the 
standard  2x8'  ft.  metal  floor  panels  were  used  successfully  for  the  con- 


FIG.  2. 


struction  of  a  foundation  wall.  Ranger  prices  were  braced  temporarily  in 
position,  one  on  the  ground,  one  four  feet  above  the  top  of  the  footing  and 
the  top  ranger  eight  feet  above.  The  floor  panels  were  then  stood  up 
against  the  rangers  like  boards  in  a  fence,  the  usual  spreaders  being  used 
to  keep  the  forms  apart,  and  tieing  being  done  with  wire  around  the 
rangers  passed  through  the  crack  between  adjoining  pans.  The  pans 
were  nailed  to  the  rangers.  The  contractor's  superintendent  reported  that 
using  this  method  two  men  were  able  to  set  up  forms  complete  for  about 
50  lin.  ft.  of  wall  per  8-hour  day,  or  a  superficial  area  of  400  sq.  ft. 

Items  I  (j)  (k).  Opinion  among  contractors  seems  to  be  unsettled  on 
the  question  of  superiority  of  ceiling  finish  obtained  by 'the  use  of  metal 
forms.     The  joints  are  less  in  number,  and  some  feel  therefore  more  con- 
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spicuous.  There  are  no  costs  available  to  show  whether  there  is  any  sav- 
ing in  pointing  charges  on  ceilings.  Efforts  have  been  made  with  sonae 
degree  of  success  to  eliminate  the  joint  between  the  pans  by  putting  the 
crack  with  a  plastic  compound  before  the  concrete  is  poured.  The  filler 
can  be  easily  removed  from  the  concrete  after  the  pans  have  been  lowered. 
If  this  is  not  done,  and  the  joint-marks  are  felt  to  be  objectionable,  the 
easiest  course  would  be  to  remove  them  with  a  rubbing  stone  or  a  wall 
scraper  while  the  concrete  is  still  green. 

Any  oil  applied  to  the  surface  of  the  forms  must  dry  up  before  the 
concrete  is  poured  or  it  will  be  absorbed  by  the  concrete.  There  has  been 
some  feeling  that  if  an  excess  of  oil  were  used  the  paint  applied  to  the 
concrete  afterward  would  be  in  danger  of  discoloration  from  the  oil  in  the 
concrete.  This  point  has  been  taken  up  both  by  correspondence  with  con- 
tractors and  visits  to  buildings,  and  there  is  as  yet  no  evidence  to  show 
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that  this  has  occurred.  Metal  column  forms  were  in  use  for  some  time 
prior  to  use  of  metal  floor  forms,  and  there  have  been  no  complaints  that 
the  paint  has  been  injured  from  this  cause. 

One  thing  in  connection  with  pointing  must  be  given  attention,  how- 
ever. After  a  joint  has  been  pointed  the  cement  masons  will  brush  off  the 
patch  lightly  with  a  piece  of  canvas,  or  old  cement  bag,  to  make  the  edges 
of  the  patch  less  noticeable.  When  this  is  done  a  film  of  cement  is  deposited 
on  the  surface  of  the  concrete  around  the  patch.  With  the  rougher  sur- 
face given  by  wood  forms  this  skin  of  cement  will  sometimes  withstand 
the  suction  of  the  paint,  but  where  metal  forms  are  used,  either  for  walla 
or  columns,  the  paint  will  invariably  pull  this  film  away  from  the  con- 
crete. This  will  be  found  at  times  in  wood  form  jobs  as  well  and  should 
be  watched.   Cement  mortar  applied  in  pointing  seems  to  bond  satisfactorily. 

Metal-formed  ceilings  have  been  painted  with  and  without  primer, 
with  equally  good  results.  The  use  of  primer  as  a  precaution  might  be. 
advisable  where  it  is  felt  that  an  excess  of  oil  was  used  to  grease  the  forms. 
The  paint  shoul(J  have  the  full  proper  quantity  of  binder. 
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The  committee  has  been  unable  to  find'  that  anything  has  been  done 
a«  yet  in  the  way  of  putting  a  practicable  beam-and-girder  form  system 
of  metal  on  the  market.  The  development  of  the  so-called  beam-and-joist 
system  has  been  noted,  and  a  brief  description  is  appended  for  the  benefit 
of  those  who  are  not  aware  of  what  has  been  done  in  this  regard. 

The  beam-and-joist  system  follows  the  lines  of  the  various  types  of 
permanient  pan  systems,  in  which  the  pans  or  domes  are  left  in  place  to 
first  support  the  green  concrete  and  later  to  serve  to  some  extent  as  rein- 
forcement. A  very  light  concrete  construction  was  obtained  with  this  con- 
struction for  certain  types  of  structure.  The  domes  however  were  left 
in  place,  adding  an  element  of  extra  cost,  and  being  of  very  light  metal 
,were  easily  damaged  while  placing  reinforcement  and  laying  runs. 

The  pans  are  now  made  of  much  heavier  metal  to  withstand  rough 
handling  and  the  incidental  supporting  formwork  is  so  designed  that  the 
pans  may  be  removed  after  the  concrete  has  set.  This  system  gives  a  beam 
or  girder  between  columns  in  one  direction,  with  the  "joists"  spanning  the 
length  of  the  bay  between  the  beams  in  the  other  direction.  The  pans  are 
made  6,  8,  10  and  12  in.  deep  and  of  standard  lengths.  The  soffit  of  the 
joists  is  formed  by  plank  or  6  in.  structural  channels  laid  flat  on  which 
the  sides  of  the  pans  rest.  The  ends  of  the  pans  abutting  on  a  beam  are 
closed;  the  space  between  the  end  pans  is  filled  with  stretchers,  similar  to 
the  pans  but  open  on  the  ends,  and  the  whole  system  is  made  tight  by 
fitting  "cover"  pieces  over  the  pans  at  the  joints.  Fig.  1  is  a  view  look- 
ing along  one  of  the  beams  and  shows  the  pans  in  place  ready  for  the 
concrete.  The  shoring  required  is  quite  simple,  the  system  being  capable 
of  spanning  up  to  6  and  8  ft.  without  intermediate  support.  Complete 
details  of  the  different  methods  of  assembly  may  be  obtained  from  any  of 
the  firms  making  these  pans,  whose  systems  of  course  vary  in  certain 
points. 

Criticisms  Answered. 

In  last  year's  report  note  was  made  of  certain  criticisms  of  metal 
forms.  These  objections  and  the  answers  submitted  by  manufacturers  are 
given  herewith. 

Sagging  and  Bulging  of  Forms. — This  was  due  primarily  to  the  use  of 
a  metal  too  light  for  the  loads  and  to  an  insufficient  number  of  ribs  or 
stiffeners.  This  has  been  overcome  by  increasing  the  number  of  ribs  and 
the  use  of  a  heavier  metal. 

The  question  of  the  effect  of  oil  on  the  treatment  of  the  finished  con- 
crete has  already  been  discussed  under  Items  I  (j)    (k). 

Inserts  may  be  held  down  by  bolting,  or  by  drilling  two  small  holes 
between  the  ears  of  an  insert  and  wiring  down,  or  by  driving  barbed  nails 
through.  It  is  generally  claimed  that  this  part  of  the  work  has  not  given 
any  trouble. 

The  joint  between  the  column  shaft  and  capital  has  been  given  con- 
siderable thought  by  the  committee,  and  two  drawings  are  given  in  which 
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means  are  suggested  for  overcoming  the  objectionable  necking-in  so  often 
found  after  the  column  has  been  stripped.  This  seems  to  be  caused  by  the 
weight  of  the  green  concrete  in  the  capital,  which  deflects  the  flared  por- 
tion of  the  head  just  enough  to  distort  the  joint  where  the  capital  joins 
the  shaft.  It  is  suggested  that  this  might  be  overcome  by  the  use  of  a 
modified  form  of  head,  which  would  overlap  the  shaft  about  18  in.  or 
2  ft.,  to  provide  the  requisite  stiffness.  Another  method'  would  be  to  use 
a  form  of  capital  with  a  molded  necking,  which  would  lend  additional 
lateral  stiffness  at  this  point  and  make  any  irregularity  less  conspicuous. 
This  form  of  capital  would  probably  be  more  expensive  than  the  one  with 
the  extended  neck.      (See  pages  3  and  4.) 

In  conclusion  the  committee  wishes  to  emphasize  the  need  for  a  care- 
ful study  of  conditions  for  each  job,  giving  consideration  to  the  factors 
that  on  that  job  have  particular  importance,  before  reaching  a  decision  as 
to  the  kind  of  forms  to  be  used.  Conditions  in  the  winter  of  1921-1922 
are  not  in  any  way  comparable  to  the  condiitons  existing  in  the  winter  of 
1919-1920  as  far  as  material  prices,  labor  supply  or  efficiency,  etc.,  are 
concerned.  As  conditions  change  the  contractor  must  be  alert  to  re-study 
his  methods  and  adapt  his  course  as  indicated  by  an  impartial  analysis 
of  facts. 

-C.  J.  Abbott, 
H.  A.  Dahlen, 
R.  T.  Harris, 
C.  E.  Nichols, 

J.  P.  TUBNEE, 

W.  F.  LocKHAET,  8ec'y, 
E.  A.  Steele,  Chairman. 


DISCUSSION. 

J.  G.  Ahlers. — I  want  to  speak  as  a  general  contractor  of  build-  Mr.  Ahlers. 
ings, — industrial  concrete  buildings.  The  contractor's  first  problem  is  to 
get  his  formwork  done  as  economically  as  possible,  and  in  the  severe  com- 
petition we  have  now,  we  naturally  look  for  every  possible  means  of 
getting  economy  in  construction  work.  We  have  studied  carefully  the 
sheet  metal  forms  as  applied  to  the  flat  slab  as  against  the  use  of  wooden 
forms.  I  have  read  carefully  the  report  by  the  committee,,  and  I  believe 
by  applying  the  outline  given  that  most  contractors  at  the  present  time 
will  come  to  the  conclusion  that  we  have  come,  that  there  is  no  real 
economy  in  the  use  of  flat-slab  steel  forms. 

The  reasons  are  two. 

In  the  first  place,  I  believe  we  deceive  ourselves  by  comparing  unit 
prices  for  flat-slab  forms  given  by  metal  form  contractors  with  the  unit 
prices  we  all  have  as  our  cost  records  of  the  work.  The  panels  themselves 
are  the  very  cheapest  part  of  the  formwork  on  an  industrial  building. 
When  you  sub-let  this  part  of  the  work  I  believe  the  contractor  would 
find  that  the  rest  of  the  work  will  run  up  so  high  in  cost  that  there  is 
no  saving. 

In  the  second  place,  the  contractor  sub-letting  the  flat  panels  loses 
control  of  this  part  of  the  work  and  is  not  able  to  shift  his  crews  and 
get  full  efficiency  out  of  his  organization.  The  sub-contractor  is  always 
looking  for  his  own  interests  first  in  the  matter  of  co-operating  and  co- 
ordinating, the  general  contractor  comes  second. 

Whaeton  Clay. — J.  J.  Early  who  has  made  a  deep  study  of  the  con-  Mr.  Clay, 
trol  of  shrinkage  in  concrete  and  stucco  is  using  expanded  metal  latJi 
for  the  form  work  on  the  Partlienon  building  which  is  being  reconstructed 
at  Nashville,  Tenn.  The  building  is  a  very  large  reinforced  concrete 
structure,  reproducing  identically  the  Parthenon  of  Athens.  For  his 
column  forms  he  is  using  expanded  metal  lath  extending  about  8  in. 
between  2x6  in.  timbers,  24  of  which  radiate  around  the  columns.  With 
this  form  he  is  able  to  pour  concrete  in  a  very  workable  mix  and  pour 
it  cheaply  on  account  of  its  plasticity,  but  secures  ultimately  the  same 
results  as  if  the  concrete  was  poured  in  a  very  stift'  mix  with  very  little 
water.    The  excess  water  comes  out  thrpugh  the  meshes. 

The  same  expanded  lath  is  used  in  the  lintels  and  other  formwork. 
The  lath  is  removed  in  this  case  and  the  rough  surface  stuccoed.  It  is 
found  to  be  very  much  cheaper  than  the  wooden  forms  which  he  used  in 
the  beginning  of  the  job.  This  practice  bears  somewhat  on  the  subject  of 
metal  mesh  exterior  reinforcement  which  is  to  be  discussed  in  connection 
with  fireproofing  in  the  Joint  Committee  report  tomorrow,  and  when 
surface  reinforcement  is  desired  for  special  fire  protection  when  silicious 
aggregates  are  used,  this  method  makes  a  radical  reduction  in  the  cost. 
It  prevents  spalling  in  ease  of  fire  in  such   aggregates. 
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Mr.  Irwin.  A.   C.   Ibwin. — Metal   lath  has  been  used  for  many  years   as   a   form 

for  concrete.  The  openings  in  the  mesh  are  not  large — about  ^-in.  or  less. 
There  are  at  the  present  time  several  systems  of  constructing  concrete 
houses  utilizing  metal  lath  as  forms  and  many  important  structures  have 
been  built  in  this  manner.  Another  example  may  be  found  in  the  columns 
of  the  replica  of  the  Parthenon  now  under  construction  at  Nashville,  Tenn. 

Those  vi^ho  have  not  witnessed  work  of  this  sort  might  naturally 
believe  that  the  mortar  would  escape  through  the  mesh.  I  have  carefully 
observed  the  casting  of  floors  and  beams  directly  on  metal  lath  as  forms 
and  there  is  little  dripping  of  water  noticeable.  The  particular  thing, 
moreover,  about  the  water  is  that  what  does  drop  through  is  practically 
clear  and  carries  no  cement  with  it.  I  would  rather  credit  the  use  of 
metal  lath  as  forms  with  requiring  a  plastic  or  jelly-like  mix  of  concrete 
and  thus  cutting  down  the  amount  of  water  that  can  be  practicably  used, 
than  to  say  that  the  metal  lath  itself  by  some  mystic  means  extracts  the 
water  from  the  concrete  that  ought  not  to  have  been  there  in  the  first 
place. 
Mr.  Nichols.  C.   E.  NiCHOLS. — One  reason,   I  believe,  why  I  was  appointed  to  the 

metal  forms  committee  is  that  the  organization  with  which  I  am  employed 
had  used  them  on  several  jobs.  The  jobs  were  under  way  at  time  of 
rising  prices,  and  we  adopted  the  metal  forms  because  the  prices  we  were 
able  to  get  from  the  manufacturer  compared  favorably  with  our  estimated 
cost  for  wood  forms.  During  a  period  of  rising  prices,  the  tendency 
naturally  is  to  protect  your  estimate,  and  we  could  see  no  way  we  could 
lose  by  using  the  metal  forms,  and  possibly  we  might  save  money.  We 
have  used  these  now  on  four  or  five  jobs  and  I  think  the  costs  came  out 
as  well  as  they  might  have  'vith  wood  forms.  However,  the  testimony 
of  superintendents  and  of  the  construction  men  who  followed  the  work 
is  that  under  similar  conditions  they  doubt  if  they  would  use  metal  forms 
again.  I  know  somewhat  the  situation  that  the  metal  form  manufac- 
turers are  in;  they  will  talk  quite  glibly  about  economies,  the  ease  with 
which  metal  is  used,  etc.,  and  they  will  estimate  the  cost  of  wood  forms 
to  any  contractor  about  as  closely  as  he  can;  then  they  will  set  their 
prices  just  as  high  as  they  can  possibly  get  them  and  sell  the  job.  This 
testimony  is  not  given  with  the  idea  of  discouraging  anyone  from  using 
metal  forms ;  I  think  they  are  the  coming  thing  in  the  future.  But  T 
think  the  one  thing  that  must  be  done  is  for  the  metal  form  manufac- 
J^urers  to  get  their   costs   and  their  prices   down. 

I  should  like  to  mention  one  point  which  is  covered  in  the  report, 
tlmt  of  fastening  inserts  to  metal  forms.  "Inserts  may  be  held  down  by 
bolting  or  by  drilling  two  small  holes  between  the  ears  of  an  insert  and 
wiring  down,  or  by  driving  nails  through.  It  is  generally  claimed  that 
this  part  of  the  work  has  not  given  any  trouble."  I  may  say  here  that 
that  statement,  "it  is  generally  claimed,"  comes  from  the  metal  forms 
manufacturers.  In  personal  discussion  with  contractors  who  have  used 
metal  forms  and  have  been  up  against  that  problem,  they  are  pretty  uni- 
versally of  the  opinion  that  a  great  deal  of  trouble  has  been  given. 


REPORT  OF  COMMITTEE  P-1,  ON  STANDARD  BUILDING  UNITS. 
(Including  Block,   Brick,  and   Structural  Tile.) 

Our  committee  consists  of  the  following  members : 

Chairman,  Robt.   F.   Havlik,   Mooseheart,  111. 

Secretary,  W.  R.  Harris,  542  Monadnock  Block,  Chicago. 

W.  H.  Care}',  Carey  Concrete  Company,  Wisconsin  Rapids,  Wis. 

Austin  Crabbs,  The  Cement  Products  Co.,  207  W.  Fourth  St.,  Daven- 
port,  Iowa. 

H.  G.  Davis,  Brooklyn  Crozite  Brick  Corp.,  140  Cedar  St.,  Brooklyn, 
N.  Y. 

J.  K.  Harridge,  Hydro-Stone  Co.,   15  E.  Van  Burean  St.,  Chicago. 

H.   K.  Holsman,   310   S.   Wabash  Ave.,   Chicago. 

F.  J.  Kinsinger,  Cast  Stone  Block  &  Machine  Co.,  Ltd.,  Windsor,  Ont., 
Can. 

C.  E.  Lindsley,  882  Clinton  Ave.,  Irvington,  N.  J. 

J.  W.  Lowell,  Universal  Portland  Cement  Co.,  210  So.  La  Salle  St., 
Chicago. 

C.  A.  Steward,  Piano  Cement  Products  Co.,  Piano,  111. 

S.  Walker,  Lewis  Institute,  Madison  and  Robey  Sts.,  Chicago. 

S.  H.  Wightman,  305  Monadnock  Block,  Chicago. 

We  have  held  seven  meetings  in  the  office  of  the  Secretary,  on  the 
following  dates:  Sept.  23,  Oct.  6,  Oct.  14,  Nov.  4,  Nov.  22,  Dec.  2,  and 
Dec.  16.  Careful  minutes  have  been  kept  of  each  meeting  and  copies  of 
these  were  mailed  promptly  after  each  meeting  to  both  sitting  and  absent 
members  of  this  committee.  Copies  of  all  communications  bearing  on 
the  work  of  this  committee  which  were  received  by  the  chairman  and 
secretary  of  the  committee  were  sent  promptly  by  the  secretary  to  the 
committee  members. 

At  the  second  meeting  held  Oct.  6,  it  was  decided  that  preliminary 
drafts  of  the  proposed  specifications  be  prepared  by  the  following:  Mr. 
Harris  on  concrete  brick,  Mr.  Wightman  on  concrete  building  tile  and 
the  chairman  on  concrete  blocks.  These  were  prepared  and  submitted  to 
the  committee  at  the  following  meeting  on  Oct.  14.  At  the  next  meeting, 
it  was  found  that  many  sections  were  repeated  in  each  of  the  three  specifi- 
cations so  it  was  unanimously  decided  by  the  sitting  members  to  combine 
the  three  sepcifications  into  one.  The  revised  combined  specifications  for 
the  above  three  products  were  re-submitted  to  the  committee  at  the  meet 
ing  held  Nov.  22.  After  careful  consideration  it  was  decided  to  send 
these  specifications  as  revised  to  all  members  of  the  committee  for  letter 
ballot.  This  was  done.  At  the  Dec.  16th  meeting,  minor  changes  in 
phraseology  were  made  and  the  ballots  of  the  absent  members  and  the 
votes  of  the  sitting  members  were  canvassed  with  the  result  that  nine 
members :  Messrs.  Crabbs,  Harridge,  Harris,  Havlik,  Holsman,  Kinsinger, 
Lindsley,  Steward  and  Walker  voted  for  the  combined  specifications;    and 
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three  members,   Messrs.   Lowell,   Carey   and  Wightman,  voted   against  the 
specifications  and  one  member,  Mr.  Davis,  did  not  vote. 

A  copy  of  these  specifications  vs^as  sent  to  the  secretary  of  the  Insti- 
tute, who  sent  out  preprints  thereof  to  all  members  thirty  days  prior  to 
the  Annual  Convention  in  accordance  with  our  By-Laws. 

These  specifications  are  submitted  herewith*  for  consideration  of  the 
Institute  so  that  they  may  be  acted  upon  by  letter  ballot  by  our  entire 
membership. 

A  lively  discussion  arose  within  the  committee  as  to  whether  the 
strength  of  concrete  building  units  should  be  considered  on  the  basis  of 
gross  or  net  area  of  the  units.  An  overwhelming  majority  of  the  com- 
mittee favored  figuring  the  strength  on  the  gross  area  basis  as  has  been 
done  since  the  Institute  was  organized  and  the  first  specifications  were 
adopted.  No  special  provision  is  made  for  cinder  concrete  units  because 
adequate  information  concerning  these  is  lacking  but  it  is  hoped  that 
during  the  coming  year  enough  information  on  such  units  may  become 
available  so  that  special  provision*  can  be  made  for  these  should  it  seem 
wise  to  do  so. 

ROBT.    F.   Havlik,   Chairman. 
W.   R.   Haeris,   Seci-etary. 


MINORITY  REPORT  OF  COMMITTEE  P-1 

January  16,  1922. 
Secretary,  American  Concrete  Institiite: 

The  following  is  the  Minority  Report  of  Committee  P-1,  American 
Concrete  Institute,   on  Standard   Building  Unit   Specifications: 

The  minority  made  an  earnest  effort  to  have  consideration  given 
their  views  during  the  discussions  of  the  committee.  The  last  meeting 
of  the  committee  developed  a  serious  difference  in  point  of  view  of  such  a 
radical  character  that  the  majority  report  is  wholly  discordant  with  the 
views  entertained  by  the  minority.  If  this  were  merely  a  question  of 
difference  in  viewpoint  as  to  formal  matters,  it  would  be  of  only  passing 
interest.  The  facts  are^  however,  that  the  differences  are  of  such  radical 
character,  and  the  consequence  of  the  adoption  of  the  majority  report 
would  be  so  highly  injurious  to  a  most  important  part  of  the  concrete 
building  unit  field,  that  the  differences  are  deserving  of  most  careful  con- 
sideration and  investigation  on  the  part  of  the  members  of  the  Institute. 

In  fact,  points  of  view  were  so  widely  variant  that  even  a  reforma- 
tion of  the  majority  report  will  not,  in  the  opinion  of  the  minority,  cure 
the  defects  in  the  majority  report.  Consequently  the  first  recommendation 
which  the  minority  make  is  that,  in  addition  to  the  amendment  to  the 
majority  report  hereinafter  set  forth,  the  work  of  the  committee  shall  be 
continued  for  another  year;  the  membership  of  the  committee  enlarged 
and  careful  attention  paid  to  the  appointment  on  the  committee  of  men  of 
widespread  engineering  experience,  who  are  capable  of  grasping  the  require- 
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merits  for  diflferent  types  of  structural  units,  and  whose  judgment  will  be 
backed  by  actual  experience  in  the  field. 

No  more  useful  work  can  be  attempted  by  the  American  Concrete 
In-stitute  than  the  formulation  of  standards  and  specifications  which  shall 
serve  as  a  guide  to  the  industry  as  a  whole.  On  the  other  hand,  if  the 
work  be  so  ill  advisedly  done,  and  be  not  maturely  considered,  then  great, 
if  not  irreparable  damage,  may  be  caused.  This  is  the  nub  of  the  minority 
contention  with  respect  to  the  action  of  the  majority  of  the  committee. 

It  is  not  a  question  of  mere  overriding  of  personal  views,  but  it  is  a 
question  of  such  an  unreconcilable  difference  in  conception  as,  in  fact, 
amounts  to  an  absolute  strangulation  of  the  light-weight  concrete  struc- 
tural industry,  should  the  views  of  the  majority  prevail,  which  industry 
in  the  past  several  years  has  assumed  very  great  importance  and  bids  fair 
to  place  the  concrete  structural  units  in  the  field  of  both  light  and  heavy 
building  construction,  as  has  not  heretofore  been  the  case  with  respect  to 
other  types  of  concrete  structural  units. 

The  minority  objection  to  the  majority  recommendations  is  of  a 
two-fold  character,  first:  formal;  second:  substantial.  Taking  up  the 
formal  objections  first: 

The  minority  consider  the  specifications,  as  drafted,  to  be  incomplete, 
wrong  in  principle,  in  a  form  not  acceptable  to  the  various  building  depart- 
ments, and  injurious  to  the  concrete  products  industry,  if  permitted  to  be 
spread  broadcast  with  the  endorsement  of  the  American  Concrete  Institute. 

The  minority  is  of  the  opinion  that  the  formal  vices  which  are  found 
in  the  form  of  specifications  submitted  by  the  majority,  cannot  be  entirely 
cured  by  amendment  on  the  floor,  and  that,  to  put  the  specifications  in 
proper  shape,  the  work  of  the  committee  must  be  continued  for  another 
year. 

Second:  As  to  substance,  the  minority  contend  that  the  specifications 
as  drafted,  rankly  discriminate  against  light-weight  structural  units,  which 
are  commonly  designated  concrete  building  tile.  If  the  specifications  as 
recommended  by  the  majority  are  to  be  adopted  and  are  to  be  strictly 
enforced,  concrete  building  tile  would  be  cut  out  of  the  two  most  prominent 
fields  of  construction,  which  are  small  residence  and  small  building  con- 
struction, such  as  garages,  one  and  two-story  office  and  commercial  build- 
ings, etc.,  and'  on  the  other  hand  the  heavier  load  construction,  such  as 
four  and  five-story  apartment  houses,  factory  buildings,  etc. 

At  the  outset  the  minority  wishes  to  make  clear  a  point  which  unques- 
tionably has  been  confusing  in  the  minds  of  some  members,  that  is,  that  we 
are  not  in  favor  of  reducing  the  quality  of  concrete  permitted  to  be  used 
in  structural  units.  On  the  contrary,  we  are  in  favor  of  increasing  the 
requirements  as  to  quality,  so  as  to  necessitate  the  use  of  a  quality  of 
concrete  which  cannot  but  prove  satisfactory.  All  that  we  ask  is,  that  the 
test  be  applied  scientifically  with  respect  to  the  practical  characteristics 
of  the  units  to  which  same  is  to  be  applied.  We  contend  that  the  light- 
weight  concrete   structural    unit   cannot   be   classed,   with   justice   to   such 
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unit,  with  the  heavy  wall  concrete  block,  and  that  insistence  upon  such 
classification  practically  eliminates  building  tile,  or  light-weight  units, 
from  other  fields  of  greater  usefulness. 

The  majority  report  places  all  units,  regardless  of  characteristics,  on 
the  same  basis,  namely:  a  flat  test  of  1000  lb.  per  sq.  in.,  with  permissible 
testing  as  low  as  700  lb.,  provided  the  average  be  1000  lb. 

With  respect  to  quality  of  concrete,  we  recommend  that  all  structural 
units,  other  than  brick,  shall  average  1500  lb.  per  sq.  in.  of  net  section 
with  no  one  test  falling  10  per  cent  under  same.  We  know  of  no  other 
structural  material  that  is  allowed  a  variance  of  30  per  cent,  as  proposed 
in  the  majority  test.  We  regard  that  as  unnecessarily  lenient  and  as 
setting  a  standard  of  permissible  variance  which  should  not  be  set. 

We  believe  10  per  cent  permissible  variance  to  be  fair,  and  to  place 
concrete  units  on  the  same  plane  of  uniformity  of  quality  which  other 
competitive  materials  are  compelled  to  meet. 

We  contend  that  the  application  of  the  1000  lb.  gross  area  (one 
standard)  specifications  to  all  classes  of  concrete  products,  automatically 
eliminates  light-weight  building  tile  units,  which  hold  the  greatest  promise 
for  future  development  in  the  entire  field  of  concrete  structural  units. 
Take,  for  example,  small  building  constructions,  such  as  residences,  etc., 
which  is  a  field  in  which  the  heavier  type  of  concrete  unit  as  represented 
by  the  concrete  block,  has  in  the  past  years  obtained  less  than  1/10  of 
1  per  cent  of  this  class  of  construction.  This,  as  every  one  who  has  had 
any  familiarity  with  the  promotion  of  concrete  units,  knows,  has  been 
due  to  the  heavy  weight,  excessive  cost  and  inferior  quality  of  concrete 
used. 

Effort  to  promote  the  use  of  concrete  block  for  house  construction, 
taking  results  as  a  whole,  and  conditions  throughout  the  country  as  a 
whole,  has  been  a  dismal  failure. 

We  believe,  as  in  fa;ct  do  most  men  in  touch  with  concrete  structural 
unit  development,  that  concrete  units  properly  made,  for  respective  intended 
use,  can  serve  the  entire  field  of  masonry  construction,  whether  same  be 
in  the  class  of  heavy  duty  masonry  construction — wherever  clay  brick 
masonry  is  used — which  may  be  six  stories  in  height  down  to  the  smallest 
light  wall  construction,  such  as  one  or  two-story  residences,  commercial 
buildings,  garages,  etc. 

The  class  of  concrete  structural  units,  known  as  concrete  building  tile, 
5s  a  type  of  unit  designed  to  be  used  as  a  brick  replacement  unit,  and 
which,  because  of  the  character  of  its  design,  can  be  varied  as  to  com- 
pression strength,  so  as  to  cater  to  either  the  heavy  loading  or  light  duty 
fields. 

The  heavy  duty  wall  may,  perhaps,  be  loaded  from  150  to  200  lb.  per 
sq.  in.,  while  smaller  buildings  seldom  require  over  20  to  30  lb.  per  sq.  in. 

It  is,  in  the  opinion  of  the  minority,  ridiculous  to  assume  that  only 
one  type  of  concrete  product  shall  be  made  to  serve  either  the  one  field 
or  the  other.     To  require  a  heavy  duty  building  tile  to  be  made,  where 
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it  is  intended  to  be  used  only  in  light  duty  walls,  is  to  impose  a  tremendous 
handicap  upon  building  tile,  and  would  practically  eliminate  same  from 
consideration   in  competition  with  clay  products   and  lumber. 

On  the  other  hand,  to  say  that  the  strength  requirement  shall  be  1000 
lb.  per  sq.  in.  gross  area,  as  such  provision  is  usually  interpreted,  means 
that  with  the  tile  unit  confined  to  a  safety  factor  of  either  8  or  10,  would 
.limit  it  to  either  100  or  125  lb.  per  sq.  in.  permissible  loading.  It  is 
obvious  that  this  would  cut  tile  out  of  the  very  desirable  heavy  duty  load- 
ing, which,  as  stated,  may  run  from  150  to  200  lb.  per  sq.  in.,  and  for 
which  the  tile  unit  can  be  scientifically  strengthened. 

While  these  specifications  are  not  intended  as  building  code  standard, 
the  minority  wishes  to  point  out  that  it  only  remains  for  a  factor  of  safety 
to  be  added  to  the  specifications  to  create  what  is  a  building  code  regula- 
tion as  regards .  allowable  loading. 

Furtherniore,  it  has  been  stated  that  the  specifications  will  be  accept- 
able to  building  departments — certainly  they  form  the  basis  upon  which 
building  code  regulations  will  be  made.  This  i.'=  precisely  the  vice  against 
which  the  minority  protests,  in  that  any  such  enforced  grouping  will,  with 
tlie  endorsement  of  the  American  Concrete  Institute,  be  looked  upon  with 
favor  by  various  building  departments,  and  irreparable  injury  will  be  done 
to  the  entire  concrete  building  tile  development.  Injury  is  an  injury, 
whether  it  proceeds  from  good  or  bad  intentions,  and  whether  it  proceeds 
from  the  hand  of  friend  or  enemy.  For  concrete  building  tile  to  be  stifled 
and  the  field  of  usefulness  be  largely  decreased,  if  not  entirely  destroyed 
at  the  hands  of  those  who  should  be  friendly  to  such  units,  namely,  the 
American  Concrete  Institute,  is  both  ridiculous  and  tragic;  tragic  because 
of  the  consequences,  and  ridiculous  at  the  idea  of  those  in  the  industry 
not  having  foresight  enough  to  recognize  the  damage  they  are  doing  to  a 
promising  field  of  concrete  products  development.  Certainly,  we  cannot 
expect  the  clay  or  lumber  interests  to  be  more  charitable  towards  concrete 
structural  units  than  the  concrete  industry  itself  proves  itself  to  be. 

We  illustrate  a  few  of  the  outstanding  flaws  in  the  1000  lb.  gross  area 
specifications,  and  what  same  will  mean  if  adopted  as  the  prevailing  view 
of  the  American  Concrete  Institute. 

Suppose,  we  assume,  a  factor  of  safety  of  8  will  be  applied  in  building 
regulations  as  regards  the  1000  lb.  gross  area  section,  this  would  mean 
that  concrete  products  could  be  loaded  up  to  125  lb.  per  sq.  in.  and  no 
more.  No  more  for  the  reason  that  if  the  concrete  industry  does  not 
regard  concrete  units  as  capable  of  meeting  a  more  severe  test,  its  enemies 
are  certainly  not  going  to  permit  any  higher  rating  to  be  given. 

-In  this  connection  those  who  are  in  touch  with  building  code  regula- 
tions know  that  clay,  interests  are  behind  the  revision  of  building  ■  codes 
in  a  number  of  the  largest  cities  at  the  present  time,  and  are  moving 
to  have  revision  in  other  cities.  They  know  what  they  want,  and  yet  the 
one  unit  which  can  successfully  compete  with  clay  units  in  the  field  of 
lighter  construction  is  being  legislated  out  of  existence  by  its  so-called 
friends.     Surely  this  is  an  anomalous  position. 
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Concrete  products,  whether  they  be  solid  or  hollow  (cored)  construc- 
tion, averaging  1500  lb.  per  sq.  in.,  should  be  permitted  to  carry  loads  50 
per  cent  in  excess  of  the  125  lb.  limit,  but  the  1000  lb.  gross  area  specifica- 
tions would  close  the  door  to  this  in  any  construction  which  required  load- 
ing in  excess  of  125  lb.  per  sq.  in.  It  is  obvious  that  if  the  factor  of 
safety  should'  be  placed  at  10  then  100  lb.  loading  would  be  the  limit,  while 
the  usual  allowable  loading  on  clay  brick  is  200  lb.  per  sq.  in. 

On  this  point  it  is  the  contention  of  the  minority  that  the  specifica- 
tions should  recognize  specifically  that  concrete  units  exist  and  can  be 
developed  to  produce  a  structural  unit  at  a  competitive  cost  with  other 
materials,  which  can  stand  up  "to  200  lb.  per  sq.  in.  loading. 

On  the  other  hand  it  may  be  desirable  to  build  a  small  building  of  a 
unit  which  is  8  or  12  in.  in  wall  width,  having  say  60  per  cent  net 
load  carrying  section,  the  same  testing  1500  or  1600  lb.  per  sq.  in.,  such 
unit  could  not  meet  the  required  1000  lb.  gross  area  test,  and  would  be 
rejected,  even  though  it  undoubtedly  would  have  a  factor  of  safety  as 
regards  loading  of  at  least  40  and  possibly  even  100. 

There  have  been  manufactured  for  several  years  structural  units 
which  have  only  from  20  per  cent  to  33  1/3  per  cent  net  section.  Four 
such  types  of  well  known  commercial  structural  units,  all  coming  within 
the  class  of  what  is  known  as  building  tile,  were  offered  by  the  minority 
as  evidence  of  its  position  at  one  of  the  committee  meetings,  in  order  to 
show  the  merits  of  same,  and  likewise  how  impossible  it  would  be  to  com- 
mercially make  any  of  these  units  stand  the  1000  lb.  gross  area  test. 

In  this  connection  it  must  be  understood  that  no  unit  is  entitled  to  a 
higher  rate  than  the  section  which  it  can  show  in  actual  compression.  The 
question  is  altogether  different  from  one  where  the  entire  surface  is 
theoretically  figured.  No  modern  building  department  which  is  worthy 
of  its  name  is  going  to  permit  a  rating  based  on  a  percentage  of  section 
which  does  not  actually  carry  loading. 

One  type  of  the  four  examples  placed  before  the  committee  has  been 
manufactured  in  Detroit  for  years,  and  some  forty  million  have  been  used. 
Over  two  and  one-half  million  of  this  particular  form  of  tile  were  used 
in  school  buildings  during  1921.  This  tile  was  demonstrated  to  the  com- 
mittee to  have  only  25  per  cent  net  bearing  section.  The  same  tile  have 
been  manufactured  for  over  seven  years,  and  have  always  averaged  better 
than  1500  lb.  per  sq.  in.  The  Detroit  building  code  and  the  building 
department  have  permitted  their  use  wherever  brick  were  used,  and  have 
permitted  the  loading  up  to  200  lb.  per  sq.  in.  net  section,  but  taking  this 
same  tile  which  has  been  used  with  such  complete  satisfaction  for  so 
many  years  on  the  1000  lb.  per  sq.  in.  basis,  and  realizing  that  there  is 
only  25  per  cent  net  section,  this  same  tile  would  have  to  stand  4000 
lb,  per  sq.  in.  Recognizing  the  fact  that  a  structural  unit  will  not  test 
up  to  its  full  concrete  strength  would  mean  that  the  concrete  of  which 
the  tile  was  manufactured  would  have  to  be  made  to  stand  at  least  5000 
lb.  per  sq.  in.,  consequently  the  1000  lb.  gross  area  test  would  absolutely 
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eliminate  this  tile  in  its  light-weight  shape,  and  would  compel  the  makers 
thereof  to  at  least  double  the  web  thickness  of  the  tile. 

Of  the  three  other  types  shown  to  the  committee,  each  one  would  like- 
wise have  to  have  more  than  double  its  web  thickness,  or  else  its  manu- 
facture w^ould  have  to  stop. 

While  the  1000  lb.  gross  area  method  would  permit  a  loading  of  500 
lb.  per  sq.  in.  net  section  on  the  above  tile  providing  they  met  the  1000 
lb.  gross  area  test,  probably  more  than  would  be  conservative,  the  type  of 
construction  in  which  they  are  intended  to  go,  would  probably  require  less 
than  .30  lb.  per  sq.  in. 

It  is  the  contention  of  the  minority  that  while  the  gross  area  method 
of  computation  would  permit  a  loading  of  up  to  125  lb.  per  sq.  in,  gross 
area,  the  type  of  construction  for  which  the  light-weight  tile  is  ideally 
adapted,  does  not,  as  far  as  wall  duty  is  concerned,  require  over  30  lb. 
per  sq.  in.  gross  area,  consequently  the  one  specification  method  mentioned, 
namely  1000  lb.,  is  just  as  disadvantageous  on  the  light  end  as  it  is  on 
the  heavy  end,  because  it  requires  the  development  of  a  strength  greatly 
in  excess  of  that  which  proposed  usage  requires,  and  places  the  tile  under 
an  enforced  manufacturing  disadvantage,  since  it  naturally  runs  up  the 
cost  of  making  same  without  any  resultant  advantage. 

While  other  examples  similar  to  the  above  can  be  given  almost  with- 
out end,  it  is  a  fact,  as  the  minority  see  it,  that  the  one  standard  method 
of  specifying  strength  requirements  in  concrete  structural  units  is  basically 
wrong.  It  lowers  the  allowable  loading  to  125  lb.  as  regards  heavy  con- 
struction, and  it  kills  the  light-weight  unit  entirely.  In  spite  of  the  fact, 
there  are  a  half  dozen  different  types  of  unit  on  the  market,  all  of  which 
are  capable  of  entering  this  field,  and  are  measuring  up  to  the  require- 
ments for  light-weight  construction,  and  this,  in  spite  of  the  fact  that  on 
the  light-weight  side  it  represents  the  field  of  biggest  promise,  and  although 
as  shown  in  the  Detroit  example,  which  can  be  duplicated  in  other  cities, 
millions  of  these  lighter  weight  units,  that  could  not  meet  the  1000  lb. 
test,  have  been  used  in  types  of  buildings  not  requiring  the  1000  gross 
area  standard,  and  used  without  a  single  failure  and  with  entire  satisfac- 
tion for  many  years. 

The  -minority  further  contends  that  it  is  possible  in  requiring  a  1500 
lb.  minimum  strength,  or  net  section  test,  to  insure  a  good  grade  of  con- 
crete. It  is  a  better  guarantee  of  a  higher  quality  concrete  than  is  the 
case  with  the  1000  lb.  gross  area  allowable  by  the  majority  report,  which 
even  may  fall  as  low  as  700  lb. 

It  is  the  opinion  of  the  minority  that  the  gross  area  test  is  unscientific, 
is  not  in  accord  with  sound'  practice  and  is  entirely  at  variance  with  the 
method  of  computing  stresses  as  regards  other  classes  of  building  material, 
such  as  steel,  reinforced  concrete,  etc.  The  preferred  method  of  specifying 
the  strength  requirement  for  structural  units  is  a  net  section'  basis,  with 
a  factor  of  safety  of  8  or  10,  This  for  a  1500  lb,  quality  of  concrete, 
would  permit  a  loading  up  to  187  lb.  per  sq.  in,  for  each  square  inch  of 
nret  section. 
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How  this  would  work  can  be  simply  demonstrated.  In  the  case  of 
solid  block,  etc.,  the  loading  on  gross  area  would  be  a  permissible  loading 
of  187  lb.  per  sq.  in.  Where,  however,  the  load  carrying  section  represents 
only  one-third  of  the  gross  area  the  allowable  loading  would  be  only  one- 
third  of  187  lb.,  or  63  lb.  per  sq.  in.  gross  area  and  so  on. 

It  is  the  claim  of  the  minority  that  the  adoption  of  a  net  section 
basis  of  computation  is  the  fairest  of  all  methods,  and  that  it  automatically 
and  scientifically  takes  care  of  the  various  gradations  of  duty  on  the  one. 
hand  and  permissible  loading  on  the  other.  All  that  is  necessary  to  do 
on  the  part  of  the  manufacturer  of  concrete  structural  units  is  to  increase 
or  decrease  the  available  net  section  to  correspond  with  the  loading  require- 
ments. For  this  tile  is  ideally  adopted.  Since  it  can  be  done  and  done 
consistent  with  sound  engineering  and  with  perfect  construction  safety, 
why  should  it  not  be  permitted  to  be  done?  Why  should  the  industry 
impose  a  barrier  to  its  being  done. 

However,  the  minority  is  not  insistent  upon  its  point  of  view  regard- 
ing the  net  section,  if  general  opinion  does  not  sustain  same.  It  does 
contend,  however,  that  if  the  gross  area  method  of  testing  is  to  be  retained, 
then  there  must  not  be  less  than  four  classes  of  tests  in  order  to  cover  a 
wide  range  of  products  in  the  various  construction  field's.  These  may  be 
designated  as  follows : 


Class 


Compressive  strength  per  sq.  in.         Allowable 
Gross  area  Loading 


Heavy  Bearing 
Medium  Bearing 
Light  Bearing 
Non  Bearing 


1200 
800 
480 
250 


150 

100 

60 

Sufficient  to 
permit  handling 


The  minority  recognizes  that  it  is  not  the  function  of  Committee  P-1 
to  draft  building  code  specifications;  none-the-less,  it  is  impossible  not  to 
recognize  the  bearing  of  these  specifications  upon  building  code  practice, 
and  that  the  specifications  must  provide  the  technical  foundation  for  the 
code. 

The  minority  further  unqualifiedly  state  that  there  has  not  been  that 
full  discussion  of  conditions  of  that  class  of  construction  for  which  con- 
crete building  tile  in  particular  are  adaptable,  as  should  be  given  in 
formulating  standards  which  must  determine  the  future  of  such  units. 

While  the  minority  feel  that  the  work  of  the  committee,  as  repre- 
sented by  the  majority  report,  is  of  little,  if  any,  improvement  over  the 
report  of  the  committee  for  the  previous  year,  and  in  fact  makes  few 
changes  of  moment  in  such  former  specifications,  it  does  not  believe  it 
necessary  to  go  to  the  extreme  length  of  asking  for  the  rejection  of  the 
entire  report,  provided  the  same  can  be  amended,  in  accordance  with  the 
following  specific  recommendations. 
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The  matter  of  greatest  importance  in  the  opinion  of  the  minority  is 
that  the  one  standard'  method  of  classifying  products  regardless  of  the 
use  to  which  they  are  to  be  put,  will  work  an  unmeasurable  harm  to  that 
class  of  units  designed  to  carry  loads  in  excess  of  100  lb.  per  sq.  in.,  and 
to  light-weight  units  designed  for  residential  work  and  like  construction. 
The  minority  is  not  so  much  concerned  as  to  just  what  form  the  specifica- 
tions shall  take  as  long  as  they  provide  a  safe  and  fair  basis  whereby  the 
merits  of  all  classes  of  products  are  recognized  and  classified. 

The  minority  therefore  are  not  offering  any  specific  amendments  but 
prefer  to  have  the  members  earnestly  consider  the  entire  matter,  and  after 
careful  consideration,  to  make  such  amendments  as  will  recognize  or 
properly  govern  all  classes  of  products.  The  minority  recommend,  how- 
ever, if  the  gross  area  method  of  classification  is  used,  that  no  less  than 
three  classifications  for  bearing  walls  will  suffice. 

S.     H.     WiGHTMAN, 

C.   A.    Steward, 
W.  H.  Cakey, 
H.  A.  Davis, 
Austin   Ckabbs. 


[Following  the  presentation  of  the  majority  and  minority  reports, 
there  was  a  long  discussion  involving  the  merits  of  the  two  views  sub- 
mitted, at  the  end  of  which  the  meeting  voted  that  both  reports  be  printed 
in  the  Proceedings  but  that  both  be  referred  back  to  the  committee  for 
further  consideration.  In  the  course  of  the  discussion  John  W.  Lowell 
presented  different  suggestions  for  proposed  standards  which  had  been 
developed  in  an  effort  to  reach  a  compromise.  Sections  3  and  4  of  the 
proposed  alternatives  by  Mr.  Lowell  are  printed  following  the  proposed 
specifications  on  the  next  page.  These  are  printed  here  because  they  offer 
a  new  fundamental  basis  for  the  standards  presented  in  both  majority 
and   minority   reports. — Editor.] 


PROPOSED   STANDARD   SPECIFICATIONS   FOR  CONCRETE   BLOCK, 
BRICK  AND  BUILDING  TILE.* 

1.  The  purpose  of  these  specifications  is  to  define  the  requirements  ot 
concrete  block,  brick  and  building  tile  for  use  in  building  construction. 

2.  Ccmcrete.  The  word  concrete  as  used  in  these  specifications  shall 
be  considered  as  meaning  portland  cement  concrete. 

3.  (a.)  Concrete  Block  and  Building  Tile.  Concrete  block  and  build- 
ing tile  for  hollow  and  solid  walls  must  be  subjected  to  (a)  compression 
and   (b)   absorption  tests. 

(6)  Concrete  brick.  Concrete  common  brick  must  be  subjected  to 
(a)  compression  tests.  Concrete  face  brick  or  concrete  common  brick  used 
as  face  brick  must  be  subjected  to  (a)  compression  and  (b)  absorption 
tests. 

4.  Ultimate  Compressive  Strength,  (a)  Hollow  and  solid  concrete 
block,  two  piece  building  block  brick  and  building  tile  for  load  bearing 
and  exterior  walls. 

The  ultimate  compressive  strength  of  such  units  when  delivered  to 
building  site  or  at  twenty -eight  (28)  days  must  average  not  less  than  one 
thousand  (1000)  pounds  per  square  inch  of  gross  cross-sectional  area 
of  the  unit,  as  used  in  the  walls,  and  must  not  fall  below  seven  hundred 
(700)   pounds  per  square  inch  in  any  test. 

(&)  Solid  or  hollow  concrete  block,  two  piece  block  and  building  tile 
for  non-load  bearing  and  partition  walls. 

The  ultimate  compressive  strength  of  such  units  when  delivered  to 
building  site  or  at  twenty-eight  (28)  days  must  average  not  less  than 
three  hundred  (300)  pounds  per  square  inch  of  gross  cross-sectional  area 
of  the  unit,  as  used  in  the  wall,  and  must  not  fall  below  two  hundred  (200) 
pounds  per  square  inch  in  any ^ test. 

5.  Gross  Cross -Sectional  Area,  (a)  Concrete  block,  brick  and  build- 
ing tile.  The  gross  cross-sectional  area  shall  be  considered  as  the  product 
of  the  length  by  the  width  of  the  unit.  No  allowance  shall  be  made  for 
the  air  space  of  hollow  units. 

( b )  Two-piece  concrete  block.  The  ultimate  compressive  strength  in 
pounds  per  square  inch  of  gross  cross-sectional  area  of  each  unit  as  vised 
in  the  wall  shall  be  regarded  as  the  ultimate  compressive  strength  of  the 
unit  divided  by  the  product  of  the  length  in  inches  times  one-half  the 
thickness  in  inches  of  the  wall  for  which  the  block  is  intended  if  the  units 
are  equal  in  area.  When  the  units  are  not  equal  in  area,  the  combined 
ultimate  strength  of  each  pair  of  units  shall  be  divided  by  the  product  ot 
the  length  in  inches  of  one  block  times  the  full  thickness  of  the  wall  for 
which  the  blocks  are  intended. 


*Suhiiiittefl  by  Committee,  P-1,  on  Staiulard  Conci'pte  Building  Units,  to 
snpprsedp  a  part  of  Standard  No.  10,  pnhlislied  in  Journal.  A.  C.  I.,  Vol.  I, 
Jannary,  191.5. 
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6.  Com^pression  Tests.     Compression  tests  shall  be  made  as  follows: 
(o)      Samples  to  be  tested  must  be  dried  at  a  temperature  of  not  less 

than  seventy  (70)  degrees  F.  for  three  (3)  days  or  to  a  constant  weight 
at  a  temperature  not  to  exceed  two  hundred  and  twelve   (212)  degrees  F. 

(h)  The  samples  must  be  carefully  measured  and  then  bedded  in 
plaster  of  paris  or  other  cementitious  material  in  order  to  obtain  uniform 
bearing  and  loaded  to  failure. 

(c)  Load  shall  be  applied  through  a  spherical  bearing  block  or  other 
means  whereby  test  loads  will  be  uniformly  distributed  over  the  sample 
being  tested.  When  testing  other  than  rectangular  units  great  care  must 
be  taken  to  apply  the  load  at  the  center  of  gravity  of  the  specimen. 

7.  Absorption,  (a)  Concrete  block  and  building  tile  for  load  bear- 
ing and  exterior  walls. 

The  absorption  of  such  units  when  delivered  to  building  site  or  at 
twenty-eight  (28)  days  must  not  exceed  ten  (10)  per  cent  when  tested  as 
hereinafter  specified. 

( b )      Face  brick  or  common  brick  iised  as  face  brick. 

The  absorption  of  such  units  when  delivered  to  building  site  or  at 
twenty -eight  (28)  days  must  not  exceed  ten  (10%)  per  cent  when  tested 
as  hereinafter  specified. 

8.  Absorption  ^ests.  The  sample  shall  first  be  thoroughly  dried  to  a 
constant  weight  at  a  temperature  not' to  exceed  two  hundred  and  twelve 
(212)  degrees  Fahrenheit  and  the'weight  recorded.  Then  the  sample  shall 
be  immersed  in  clean  water  for  a  period  of  forty -eight  (48)  hours.  The 
sample  shall  be  removed,  the  surface  water  wiped  off  and  the  sample  re- 
weighed.  The  percentage  of  absorption  shall  be  regarded  as  the  weight 
of  the  water  absorbed,  divided  by  the  weight  of  the  dry  sample  and  the 
quotient  multiplied  by  one  hundred   (100). 

9.  Samples.  At  least  three  (.3)  samples  must  be  provided  for  the 
purpose  of  testing.  Such  samples  must  represent  the  ordinary  commercial 
product.  Whenever  possible,  the  tests  shall  be  made  on  full  sized  samples. 
In  cases  where  the  material  is  made  and  used  in  special  shapes  and  forms 
too  large  for  testing  in  the  ordinary  machine,  smaller  specimens  may  be 
used. 


Sections  3  and  4   (  Submitted  by  John  W.  Lowell  ) . 

3.  Concrete  block,  brick  and  building  tile  must  be  subjected  to  com- 
pression tests.  Where  such  jjroducts  are  to  be  exposed  to  the  weather, 
they  must  be  subjected  to   (a)   compression  tests  and   (b)   absorption  tests. 

4.  Ultimate   Compressive   Strength. 
Concrete  block,  brick  and  building  tile. 

The  ultimate  compressive  strength  of  such  units  at  the  time  when 
laid  in  tke  wall  or .  at  twenty -eight  (28)  days  must  comply  with  the 
requirements   set   forth   in   the   following   table: 
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Unit 


Compressive  Strength  Require- 
ment of  Unit  in  Pounds  Per 
Square  Inch  of  Gross  Area 

Ave  of  all  tests     Indiviual  min. 


Allowable  Load 
Pounds  Per 
Square  Inch 


Srick 

1500 

1200 

250 

Heavy  Bearing 

Block  or  Tile 

1200 

1000 

200 

Medium  Bearing 

Block  or  Tile 

700 

600 

75 

Light  Bearing 

Block  or  Tile 

500 

400 

40 

Non-Bearing 

Block  or  Tile 

250 

Sufficient  to  handle 

In  no  case  shall  concrete  for  block  or  tile  for  bearing  wall  construction 
have  a  compressive  strength  of  less  than  1000  lb.  per  sq.  in.,  based  on  the 
net  area  of  the  block  or  tile  as  used  in  the  wall. 


DISCUSSION.     REPORT  OF  COMMITTEE   S-1,  ON  REINFORCED- 
CONCRETE  CHIMNEYS.* 

By  Edwakd  Godfrey. 

Referring  to  the  tentative  draft  of  specifications  for  reinforced-con- 
crete  chimneys,  I  am  in  agreement  with  most  of  this  bxit  take  exception 
to  some  parts  and  think  it  is  incomplete   in  some  essential   respects. 

Paragraph  ( 4 ) ,  under  Design,  is  severe.  Upright  rods  could  well  be 
spaced  more  than  6  in.  apart  in  many  cases  and  2  in.  from  the  surface 
would  be  sufficient  in  many  cases  for  the  placing  of  rods.  I  suggest  12 
in.  for  the  first  figure. 

Paragraph  (5)  is  indefinite.  The  pressure  of  a  100-mile  wind  doesn't 
mean  anything  definite.  I  suggest  that  a  flat  wind  pressure  of  40  lb. 
per  sq.  ft.  on  surfaces  normal  to  the  wind  and  20  lb.  per  sq.  ft.  on  the 
diametral  'projection   of  a  cylindrical   surface  be   specified. 

The  specifications  are  too  general  and  indefinite  in  the  matter  of 
design.  It  would  be  better  to  make  no  report  than  to  leave  so  many 
things  at  the  option  of  the  designer,  especially  in  a  field  where  matters 
of  design  are  so  loose-jointed  as  this  one. 

I  suggest  the  following  additions  which  are  among  recommendations 
that  I  submitted  to  the  Secretary  of  the  Concrete  Institute  at  the  Gon- 
venion  in  1920. 

To  find  the  pressure  per  square  foot  due  to  the  wind  moment  on  the 
base  of  the  chimney — Let 

M  =  the  wind  moment  in  ft. -lb. 
.    V  =  soil  pressure  per  sq.  ft. 
S  z=  side  of  square  base  in  ft. 
I)  =  diameter  of  round  base   in  ft. 
Then 

GM  S2M 

U  =: or  

U  is  to  be  added  to  the  dead  load  per  sq.  ft.  on  the  soil. 

If  U  should  be  found  to  equal  or  exceed  the  pressure  per  square  foot 
due  to  the  dead  weight  of  the  chimney,  the  stability  of  the  chimney  is 
endangered,  and  more  weight  must  be  added  in  the  base. 

If  it  is  necessary  to  use  a  wide  spread  in  the  base  or  foundation, 
projecting  more  than  three-quarters  of  the  thickness  of  the  slab  beyond 
the  chimney,  reinforcement  will  be  needed  in  the  slab.  This  reinforce- 
ment should  consist  of  rods  lying  near  the  bottom  of  the  slab  in  both 
rectangular  directions  and  in  both  diagonal  directions,  all  rods  lying 
under   the  cylinder   of  the  chimney.      For   a   conventional   way   of  finding 


♦See  p.  221   of  this  volume. 
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the  stress  in  these  rods  use  the  following.  Find  the  total  area  of  the 
base  less  the  area  of  the  chimney  cylinder.  Multiply  one-eighth  of  this 
by  U,  the  unit  pressure  allowed  on  the  soil.  Multiply  this  by  one-half 
of  the  distance  which  the  slab  projects  beyond  the  chimney  cylinder  plus 
six  inches.  This  is  the  cantilever  moment  on  one  set  of  projecting  rods. 
Divide  this  by  seven-eights  or  the  depth  of  the  slab  from  its  top  to  the 
plane  of  the  steel  to  find  the  stress  on  a  set  of  the  rods. 

The  anchorage  of  the  chimney  into  the  foiifidation  will  be  effected 
by  extending  the  vertical  rods  into  the  base  for  a  distance  of  at  least 
50  diameters  of  the  rods.  The  size  and  spacing  of  these  rods  will  be  found 
as  for  the  cylinder  of  the  chimney,  by  the  method  described  later. 

To  find  the  unit  compression  on  the  concrete  of  the  chimney  shell, 
first  estimate  the  weight  of  the  shell,  itself,  above  any  given  horizontal 
section  and  divide  this  M'eight  by  the  area  of  the  section  in  square  inches. 
Add  to  this  unit  the  extreme  fiber  stress  due  to  bending  from  the  wind 
moment,   calculated   in   the   following   manner: — Let 

12j1/  =  wind    moment    in    inch-pounds    at    the    section    considered 

{M  being   in   foot-pounds) 
d  :=  outer   diameter   of   shell   in   inches 
d'  :=  inner  diameter  of  shell  in  inches 
u  z=  unit  compression  at  extreme  fiber  on  leeward  side. 

Then 

l22.2Md 

U  z=  


d'  —  d'* 


The  extreme  fiber  stress,  u,  added  to  the  unit  compression  due  to  the 
direct  load  gives  the  total  cempression  unit  on  the  concrete. 

When  there  are  openings  in  the  side  of  the  chimney,  the  shell  should 
be  thickened  up  beside  the  opening,  by  pilasters  making  up  the  area  of 
the  cross  section  lost  in  the  opening.  Also  vertical  rods  should  be  used 
beside  the  opening  at  least  equal  in  area  to  those  that  would  be  used  in 
that  portion  of  the  cylinder.  These  rods  should  be  straight  and  lapping 
the  rods  that  occur   over  and  under  the  opening  by  50  diameters. 

Above  the  opening  there  should  be  a  lintel  reinforced  with  straight 
horizontal  rods,  and  capable  of  distributing  the  vertical  shell  load  into 
the  pilasters  beside  the  opening. 

If  the  opening  is  not  at  the  base  of  the  chimney,  there  should  be  a 
similar  lintel  below  the  opening,  reversed  in  position  to  the  one  above 
it  and  reinforced  in  a  similar  way. 

For  vertical  tension  reinforcement,  it  is  recommended  that  rods  be 
used  capable  of  taking  the  tensile  stress  that  a  sector  of  the  concrete 
would  have  to  take  iij  a  plain  concrete  chimney ;  that  is,  that  the  neutral 
axis  of  the  cylindrical  shell  be  taken  at  the  center  of  the  circle.  The 
tension  on  a  rod  is  then  found  in  the  folloAving  manner: — Let 
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12il/ =  bending  moment  in  inch-pounds  at  section  considered 

n  =^  number  of  rods  in  circle 

W  =  weight  of  chimney  above  section  considered 

d"  :=z  diameter  in  inches  of  circle  of  rods 

s  =  tensile  stress  on  a  rod. 

Then 

ASM       W 


d"         n 

It  is  recommended  that  for  circular  hooping  an  area  of  steel  equal 
to  about  two-tenths  of  one  per  cent  of  the  vertical  sectional  area  of  the 
shell  be  used. 

Commenting  again  on  the  proposed  specifications,  I  do  not  think 
that  three-quarters  of  a  minute  is  long  enough  time  for  batch  mixing. 
It  should  be   1  ^4  or   1  y^  minutes. 


REPORT  OF   COMMITTEE  J-2,   ON   CONCRETE  PIPE 

(JOINT   COMMITTEE) 

Many  of  the  railroads  of  the  United  States  have  for  a  number  of  years 
been  using  reinforced-concrete  culvert  pipe,  a  few  manufacturing  their 
own,  others  purchasing  from  outside  pipe  companies.  Highway  culvert 
pipe  have  also  come  into  general  use.  Practically  all  parties  interested 
whether  they  be  manufacturers,  designers  or  users  have  for  sometime  real- 
ized the  necessity  of  coming  to  some  definite  conclusions  as  to  designs, 
tests,  etc.,  so  that  specifications  would  be  standardized.  The  designer  and 
the  user  wished  to  know  what  strength  of  pipe  could  be  counted  upon  and 
the  .manufacturers  what  strength  would  be  required.  A  thorough  under- 
standing of  the  problems  involved  and  standardization  of  the  governing 
features  means  elimination  of  unnecessary  expense,  and  at  the  same  time, 
assuring  the  required  strength.  In  1919  the  Joint  Committee  on  Rein- 
forced-Concrete  Culvert  Pipe  was  formed,  the  members  consisting  of  two 
from  each  of  the  following  societies: 

American  Concrete  Institute. 

American  Assn.  of  State  Highway  Officials. 

American   Railway  Engr'ng  Assn. 

American  Society  for  Testing  Materials. 

American  Society  for  Civil  Engineers. 

American  Concrete  Pipe  Assn. 

U.  S.  Dept.  of  Public  Roads. 

The  first  meeting  of  this  Joint  Committee  was  held  at  Atlantic  City 
in  June,  1919,  at  which  time  the  necessary  organization  was 'perfected  and 
a  program  laid  out.  It  was  decided  to  divide  the  work  into  four  sub- 
committees as  follows : 

No.    1 — Classification    and    Loading    Requirements. 
No.  2 — Design. 

No.  3 — Methods  and  Requirements  of  Tests. 
No.  4 — Workmanship   and   Installation. 

Since  that  time  several  meetings  of  the  full  committee  as  well  as  the 
sul)-committees  have  been  held  and  much  work  accomplished. 

A  careful  study  of  the  subject  very  soon  broiight  the  entire  committee 
to  a  realization  that  before  much  if  anything  could  be  done  toward  stand- 
ardization of  design,  etc.,  we  must  know  what  to  expect  in  the  way  of 
loads  that  might  come  upon  the  pipe.  The  Engineering  Experimental 
Station  of  the  Iowa  State  College  at  Ames,  Iowa,  had  already  studied  the 
question  of  loads  on  pipe  in  ditches,  and  the  results  of  their  study  are  now 
incorporated  in  the  American  Society  for  Testing  ^Materials  standards. 
Arrangements  were  made  for  them  to  continue  their  work  in  order  to  deter- 
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mine,  if  possible,  wliat  to  expect  in  the  way  of  loads  in  liighwaj'  and  rail- 
road embankments. 

The  tests  so  far  made  at  Ames  may  be  divided  into  two  general  classes. 
Those  from  August,  1919,  to  July,  1920,  were  based  on  determining  loads 
from  embankment  as  ordinarily  built;  in  other  words,  the  isipe  was  first 
laid  in  position  on  the  ground  and  then  dirt  deposited  in  the  form  of  an 
embankment.  The  experiments  of  July,  1920,  to  July,  1921,  consisted  of 
first  building  the  embankment  to  partial  height,  then  excavating  the  ditch 
in  which  the  test  pipe  are  placed,  the  ditch  refilled  and  then  the  balance 
of  the  embankment  placed  as  before.  In  each  case  the  culvert  was  divided 
into  sections  2-ft.  in  length,  independently  supported  so  that  the  maximum 
loads  transmitted  to  each  2-ft.  section  could  be  measured.  The  total  length 
of  the  culvert  was  20-ft.  and  the  external  diameter  3^>-ft.  In  addition,  a 
number  of  Goldbeck  pressure  cells  for  determining  unit  earth  pressure 
were  placed  in  position  above  the  top  of  the  culvert  to  check  the  other 
measurements  of  vertical  pressure.  Beginning  in  August,  1919,  an  embank- 
ment 20-ft.  in  height  was  built  up  gradually  and  completed  in  October, 
1919.  The  material  used  was  a  sandy  loam  top  soil  weighing  96-lb.  per 
eu.  ft.  Pressures  transmitted  to  the  culvert  from  the  embankment  material 
was  observed  as  the  filling  progressed,  and  after  the  completion  of  the 
fill  two  daily  observations  of  pressures  on  each  of  the  ten  sections  were 
made  throughout  the  winter  and  until  June,  1920,  at  which  time  the 
embankment  was  removed.  When  the  embankment  was  taken  down  to 
the  level  of  r2-ft.  above  the  diameter  of  the  culvert  a  truck  loaded  to  a 
total  of  10  tons  weight  was  placed  in  various  positions  on  the  surface  of 
the  fill  and  the  load  transmitted  to  each  2-ft.  pipe  sections  were  noted. 
This  practice  was  repeated  at  levels  of  11-ft.,  10-ft.,  9-ft.,  etc.,  being  down 
to  a  minimum  of  3-ft.  above  the  top  of  the  culvert. 

For  the  experiments  of  July,  1920,  to  1921,  an  embankment  was  first 
built  of  sandy  loam  top  soil  to  a  level  of  4-ft.  above  the  top  of  the  culvert. 
The  soil  was  deposited  in  layers  and  a  road  roller  was  used  to  consolidate 
the  embankment.  After  completion  to  this  height  of  4-ft.  above  the  top 
of  the  culvert,  a  vertical  trench  4i/2-ft.  wide  was  dug  immediately  over  the 
top  «f  the  culvert  and  extending  down  to  the  culvert  itself.  The  trench 
was  then  refilled  with  material  deposited  in  the  loosest  possible  condition. 
The  entire  embankment  was-  then  built  up  to  a  height  of  20-ft.  above  the 
top  of  the  culvert,  the  work  being  completed  in  September,  1921.  During 
this  process  it  was  found  that  the  weights  imposed  upon  the  culvert  by 
the  embankment  at  different  times  were  much  less  than  those  in  the  work 
of  the  preceding  year.  Up  to  a  height  of  12-ft.  the  loads  obtained  cor- 
responded closely  to  those  found  on  pipes  in  ditches  of  solid  material  in 
accordance  with  preceding  investigations  on  the  theory  of  loads  on  pipes 
in  ditches.  This  special  method  of  construdting  culverts  in  embankments 
reduced  the  imposed  loads  to  about  two-thirds  of  those  observed  after 
using  the  ordinary  method  of  making  the  fill. 
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As  a  result  of  these  tests  a  considerable  amount  of  data  has  been 
collected  but  the  Joint  Committee  feels  that  additional  work  should  be 
done  along  this  line  before  making  definite  recommendations.  The  Experi- 
mental Station  at  Ames  is  experimenting  further  and  is  now  making  a 
study  of  the  results  so  far  secured  and  probably  will  prepare  a  bulletin 
during  the  summer  which  will  be  in  the  form  of  a  progress  report  with 
tentative  suggestions. 

In  August,  1921,  Prof.  A.  Marston,  Dean  of  the  College  of  Engineering, 
Iowa  State  College,  Ames,  Iowa,  was  elected  chairman  of  the  Joint  Com- 
mittee to  fill  the  vacancy  caused  by  the  resignation  of  Mr.  Shelley  as 
chairman.  The  committee  feels  that  they  were  particularly  fortunate  in 
securing  Prof.  Marston's, acceptance  of  this  office  in  view  of  the  very  great 
amoixnt  of  work  and  study  that  he  has  done  on  .this  question  of  loads  on 
pipe. 

The  last  meeting  of  the  full  committee  was  held  in  Chicago  on  Nov. 
28,  1921,  and  as  evidence  of  the  interest  that  is  being  taken  by  the  mem- 
bers we  are  pleased  to  report  that  each  society  represented  on  this  com- 
mittee had  one  or  more  of  its  representatives  present.  At  this  meeting 
the  following  reports  of  sub-committees  were  adopted  as  tentative: 
8uh-coinmittee  No.  1 — Classification  wnd  Loading  Requirements. 

1.  It  is  recommended  that  a  class  be  established  in  which  the  ulti- 
jnate  strength  of  the  pipe  by  the  sand  bearing  test  in  pounds  per  foot  of 
length  of  pipe  shall  be  22.50  x  D  where  D  is  the  nominal  internal  diameter 
of  the  pipe.  (This  class  was  not  designated  but  was  referred  to  as  class 
"2250  U.")  This  is  the  pipe  designed  for  ordinary  highway  purposes  under 
fills  up  to   12  ft.  high. 

2.  It  is  recommended  that  a  class  be  established  in  which  the  ultimate 
strength  of  the  pipe  by  the  sand  bearing  test  in  pounds  per  foot  of  length 
of  pipe  shall  be  3000  x  D  where  D  is  the  nominal  internal  diameter  of 
the  pipe  in  feet.  (This  class  was  not  designated  but  was  referred  to  as 
Class  "3000  D.")  This  pipe  was  intended  for  ordinary  minimum  require- 
ments of  railway  practice. 

8uJj-conimittee  No.  2 — Design. 

1.  It  is  recommended  that  the  classification  loads  referred  to  by  the 
Classification  Committee  shall  be  used  as  a  tentative  basis  for  the  design 
of  pipe. 

2.  It  is  recommended  that  no  visible  cracks  shall  appear  under  the 

•  test  loads  at  a  loading  two-thirds  that  of  the  ultimate  for  pipe  24  in. 
in  diameter  or  at  50%  of  the  ultimate  for  pipe  84  in.  in  diameter;  inter- 
mediate diameters  to  carry  proportional  percentages  of  the  test  load. 

3.  It  is  recommended  that  the  minimum  covering  for  the  reinforcing 
steel  be  %  in.  from  the  face  of  the  steel  to  the  nearest  face  of  the  concrete. 
Suh-committee  No.  3 — Methods  a,nd  Requirements  of  Tests. 

Specifications  will  be  prepared  covering  portland  cement,  fine  and 
coarse  aggregates,  reinforcement  and  other  materials  entering  the  con- 
struction   of   reinforced   concrete   pipe.      Whenever   possible   tlie   committee 

•  shall  adopt  specifications  of  materials  that  have  been  standardized. 
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It   is   recommended   that   the   committee    adopt   the    relation   between 
three  point  loading   and   sand  loading  tests  of  the  American  Society   for 
Testing  Materials. 
Suh-Committee  No.  4 — Workmanship  and  Installation. 

1.  It  is  recommended  that  specifications  prepared  by  this  Sub-Com- 
mittee shall  be  in  the  nature  of  an  addenda  providing  advice  to  engineers. 

2.  It  is  recommended  that  the  portion  dealing  with  the  manufactvire 
be  confined  to  finished  product   with  the  following   provisional   additions : 

(a)  Hydration. 

(b)  Age  before  transporting. 

((•)    Methods  of  loading  for  sliipment.  ^ 

3.  It  is  recommended  that  the  portion  dealing  with  laying  methods 
outline  recommended  practice  and  co-ordinate  such  methods  with  the 
strength  requirements  provided  by  the  other  sub-committees. 

Your  members  of  the  Joint  Conimittee  recommend  that  this  Institute 
continue  to  be  represented  on  this  committee. 

B.   S.   Pease,   Chairman. 
A.  B.  Cohen 


DISCUSSION   OF   REPORT   OF   JOINT 

COMMITTEE  ON  CONCRETE  AND 

REINFORCED  CONCRETE. 


One  day  of  the  1922  annual  meeting  was  devoted  to  a  discussion  of 
the  Tentative  Specifications  for  Concrete  and  Reinforced  Concrete  which 
were  submitted  June  I,  1921,  as  a  progress  report  of  the  Joint  Committee 
on  Standard  Specifications  for  Concrete  and  Reinforced  Concrete,  on  wliich 
the  American  Concrete  Institute  is  represented.  Tlie  method  of  conduct 
of  the  discussion  was  announced  as  follows  by  President  H.  C.  Turner. 
Mr.  Turner.  H.  C.  TURNER. — In  referring  this  progress  report  to  the  Institute  the 

Joint  Committee  adopted  a  rule  as  follows:  "The  initial  report  of  the 
Joint  Committee  shall  be  considered  by  each  of  the  five  organizations  as 
a  tentative  report  submitted  for  criticism  and  discussion  limited  to  not  less 
than  six  months  nor  more  than  one  year.  Such  discussions  shall  then  be 
referred  to  the  Joint  Committee  for  consideration  in  revising  its  report. 

Further  on  the  Joint  Committee  makes  tlie  earnest  request  that  every 
facility  be  provided  by  its  constituent  organization  for  the  fullest  consid- 
eration of  these  tentati\e  specifications  in  order  that  it  may  be  in  a  posi- 
tion, as  a  result  of  their  thorough  discussions  to  reflect  in  the  final  specifi- 
(^    cations  the  best  current  practice.     We  therefore  have  before  lis  today  the 
^  progress  report,  and  it  should  be  considered  by  the  Institute  in  the  light 

of  the  request  that  our  members  should  take  part  in  a  discussion  that 
will  be  constructive  in  its  nature  and  of  aid  to  the  committee  in  drafting 
its   final   specifications. 

The  Advisory  Committee  of  the  Institute,  in  preparing  this  program 
for  today,  recognizing  the  length  of  time  which  would  be  consumed  if  we 
attempted  to  read  the  specification  section  by  section,  and  so  discuss  it, 
has  attempted  to  map  out  a  plan  under  which  the  discussion  will  center 
about  the  main  features  of  the  report;  that  is,  the  report  has  been  divided 
into  major  sections,  which  will  be  discussed  separately. 

We  have  organized,  during  the  past  fall,  four  groups  of  reinforced- 
concrete  contractors,  all  members  of  the  Institute,  to  make  a  study  of  the 
report  and  to  be  prepared  to  take  part  in  the  discussion  here  today.  This 
discussion  will  be  led  by  Mr.  Wason  of  Boston,  Mr.  Dixon,  of  New  York, 
Mr.  Warren,  of  Philadelphia,  and  Mr.  Loring,  of  Cincinnati.  We  have  also 
arranged  with  our  committees  through  the  chairmen  of  these  committees, 
to  present  discussions  at  the  proper  part  of  the  program." 
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Discussion  by  Local  Committees. 
I.     Boston,  Presented  by  L.  C.  Wason. 

At  a  meeting  of  the  Boston  Society  of  Civil  Engineers,  called  for  the 
special  purpose  of  discussing  these  Tentative  Specifications  there  were 
about  one  hundred  present,  and  about  twenty  took  part  in  the  discussion. 
The  discussion  was  of  a  co-operative  and  helpful  nature  and  not  in  any 
sense  critical.  Those  present  called  attention  to  various  things  'W'liich  they 
believe  could  be  improved  upon.  1  present  herewith  part  of  a  digest  of 
this  meeting  prepared  by  Prof.  Walter  C.  Voss  of  Wentworth  Institute, 
Boston. 

General. — There  is  some  difference  of  opinion  regarding  the  advisabil- 
ity of  making  the  Joint  Committee  report  in  the  nature  of  a  pure  specifica- 
tion. L.  J.  Towne  in  a  paper  submitted  to  the  Am.  Soc.  C.  E.  meeting  in 
New  York,  Dec.  8th  aptly  said: — "The  title  Specifications  for  Concrete 
and  Reinforced  Concrete  is  unfortunate,  and  the  form  of  the  old  report 
i&  much  to  be  preferred,  namely  ,a  set  of  fundamental  principles  represent- 
ing recommended  practice  for  the  guidance  of  the  engineer.  The  term 
'Standard  Specifications'  implies  a  document  which  can  be  incorporated 
more  or  less  verbatim  into  working  specifications,  and  which  includes  all 
the  detailed  instructions  necessary  for  the  i^roper  execution  of  the  work. 
The  concrete  industry,  however,  is  so  infinitely  varied  that  the  attempt 
to  lay  down  a  set  of  specific  rules  to  cover  the  multitude  of  conditions 
which  arise  in  practice  is  likely  to  result  in  extended  controversy,  and  if 
finally  adopted,  in  a  weakened  authority  of  the  entire  report.  Whereas, 
if  the  report  were  to  be  considered  as  representing  the  best  thought  on 
fundamental  principles  leaving  the  details  to  be  worked  out  by  the  individ- 
ual engineer,  it  would  not  only  be  easier  to  secure  agreement  on  the 
various  provisions  included  in  the  report,  but  the  report  as  adopted  would 
tend  to  carry  greater  authority." 

C.  E.  Nichols  of  Stone  &  Webster,  following  the  same  thought,  says, 
"It  ought-  not  to  be  a  specification  but  a  guide  to  a  specification.  It  isn't 
and  cannot  be  at  the  present  time."  He  further  states  that  he  wishes  to 
emphasize  "the  fact  that  the  entire  specification  should  receive  our  support 
in  as  much  as  we  should  recognize  that  it  is  a  step  toward  better  con- 
crete construction."  E.  S.  Learned  feels  that  it  is  "almost  impossible, 
except  as  far  as  principles  of  design  are  concerned,  to  fix  anything  so 
inelastic   as   a   standard  specification." 

If  the  Joint  Committee  is  able  to  maintain  its  position  of  purposing 
and  constructing  a  sjjecification,  it  probably  is  far  better,  with  our  present 
knowledge  of  concrete,  to  confine  ourselves  to  a  definition  of  the  result 
which  shall  be  obtained  in  each  case.  The  question  of  preparing  a  docu- 
ment which  can  be  incorporated  into  Working  specifications  would  be  made 
considerably   simpler   by   so   confining   its   requirements. 
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L.  C.  Wason  says  that  "we  should  endeavor  to  specify  the  results  to 
be  accomplished  and  not  detailed  methods  of  accomplishing  them.  If  you 
specify  that  a  concrete  floor  surface  shall  not  be  dusty^that  is  a  result 
to  be  accomplished;  that  is  a  principle.  But  to  specify  that  you  must  not 
under  any  circumstances  use  a  drier, — that  is  a  detail.  The  thing  that 
has  built  the  country  up  and  made  it  the  big,  resourceful  place  that  it  is, 
is  the  fact  that  it  has  encoviraged  initiative  in  every  way — has  given  a 
reward  for  initiative." 

■  It  seems  that  Mr.  Wason  has  struck  a  key-note  in  the  application  of 
specifications.  The  positive  and  limited  specification  of  detail  will  stop 
progress.  It  disallows  the  use  of  the  peculiar  abilities  of  high  grade  con- 
tractors to  produce  good  results  in  possibly  economical  ways.  It  further 
hampers  the  engineer  in  so  arranging  his  specifications  that  desirable 
results  may  be  obtained  under  special  conditions.  There  are,  however, 
many  features  about  a  specification  which  is  prepared  with  the  object, 
which  in  the  last  analysis  is  the  sole  criterion  of  a  successfully  executed 
construction,  of  limiting  careless  work  and  of  specifying  definite  results. 

One  of  the  foremost  of  these  is  called  to  our  attention  by  H.  F. 
Bryant,  of  Brookline,  Mass.,  in  his  statement  "that  it  is  a  desirable  thing 
that  we  should  have  a  standard  specification  which  we  can  refer  to  in  our 
specification  and  the  contractor  won't  have  much  to  read  because  he  will 
have  read  it  once  for  all." 

There  is  no  desire  upon  the  part  of  the  consulting  engineer  to  shift 
responsibility,  as  these  specifications  might  lead  one  to  believe.  Prof. 
C.  M.  Spofford,  of  the  Massachusetts  Institute  of  Technology,  frankly 
states  that  the  engineer  wants  to  assume  the  responsibility  of  concrete 
inspection   and   of   proper   construction   through   superintendence. 

To  carry  out  a  detailed  criticism  of  every  article  of  the  specification 
would  be  quite  a  task.  It  is  hoped,  however,  that  a  similar  discussion  of 
this  document  by  all  constituent  societies  will  approximate  such  criticism. 
The  major  points  of  difi'erence,  however,  are  well  defined,  and  an  attempt 
is  here  made  to  concentrate  upon  them,  with  the  hope  that  the  Joint 
Committee  may  be  able  to  analyze  the  spirit  of  the  wishes  of  the  profession. 

Article  2. — Column  Capital: 

This  definition  illustrates  the  lack  of  weight  given  the  practical  side 
of  the  report.  Mr.  Wason  states  "the  definition  is  a  little  ambiguous  and 
ought  to  specify  What  "monolithic"  means — whether  a  continuous  operation 
from  the  bottom  of  the  column  to  the  top  surface  of  the  floor,  or  whether 
to  stop  at  the  bottom  of  the  column  head  and  then  begin  again.  No  matter 
how  carefully  you  pack  concrete  into  a  column  you  are  likely  to  have  a 
settlement  of  %  to  ^4  in-,  and  if  the  column  happens  to  be  flat-slab  design 
it  may  be  supported  and  you  will  get  a  break  in  the  neck.  So  that  point 
should   be  well   considered." 
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Articles  3,  4;  owf^  5. — Quality  of  Concrete: 

The  tendency  to  assist  in  making  this  document  valuable  is  illustrated 
by  the  suggestions  made  by  L.  J.  Towne  with  regard  to  these  paragraphs. 
He   submits  the  following   alternatives: — 

"It  is  suggested  that  paragraphs  3  and  4  be  omitted  entirely  and 
that  the  quality  of  the  concrete  be  specified  under  "proportioning"  as 
noted   hereafter. 

"A  separate  chapter  should  be  devoted  to  paragraph  5,  Tests  of  Field 
Specimens.  The  A.  S.  T.  M.  specification  referred  to  deals  only  with  the 
technique  of  making,   storing   and  testing   specimens. 

"Additional  paragraphs  should  be  inserted  to  cover  such  items  as  the 
following: 

1.  Provision  for  preliminary  tests  prior  to  starting  work  including 
methods  of  securing  fair  samples  of  available  fine  and  coarse 
aggregates. , 

2.  Number  of  tests  to  be  made  in  terms  of  quantities  of  concrete 
poured. 

3.  Fixing  responsibility  between  the  engineer  and  contractor  for  the 
making  and  curing  of  specimens  and  for  the  cost  of  testing. 

Aggregates: 

A  clause  should  be  inserted  providing  that  the  contractor  shall  submit 
to  the  engineer  for  his  approval  samples  of  the  fine  and  coarse  aggregate 
to  be  used  on  the  work  before  the  orders  for  material  are  placed. 

L.  C.  Wason  says  that  "Section  28  which  follows  should  not  be  con- 
sidered in  connection  with  this.  It  is  stated  that  concrete  stored  in  wet 
sand  develops  only  60%  of  the  strength  of  specimens  cooled  for  four  days 
in  the  air  before  testing,  so  to  that  -extent  you  penalize  the  whole  structure 
25  or  30  percent  by  making  the  structure  equal  only  to  the  weaker  test 
specimen." 

Mr.  Larned  takes  the  constructive  attitude  that  "it  does  seem  desirable 
to  define  more  accurately  the  quality  of  concrete  required,  in  the  matter 
of  consistency  in  particvilar,  and  if  the  present  slump  test  is  the  best  that 
can  be  applied  it  would  be  well  to  use  it  until  something  better  offers. 
If  unaccompanied  with  judgment  and  the  experienced  eye,  with  a  due  ap- 
preciation of  the  variability  in  sand  in  the  matter  of  gradation,  surface 
characteristics  of  the  particles,  moisture  content,  and  the  size  and  char- 
acter of  the  coarse  aggregate,  it  may  lead  to  errors  which  commonly 
fall  within  the  field  of  the  human  equation." 

Article  6. — Portland  Cement : 

The  attemjst  on  the  part  of  the  Joint  Committee  to  exact  a  guarantee 
fronr  the  contractor  for  the  strength  of  the  concrete  calls  to  one's  attention 
the  question   as   to  whether  the  cement  manufacturers   sell  their  product 
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on  a  compression  requirement.  Sucli  a  requirement  has  been  advanced  at 
several  stages  of  the  standard  cement  specifications,  but  tlie  manufacturer 
of  cement  feels  that  he  is  not  responsible  for  the  peculiar  natural  notion 
of  his  cement  with  any  Ivind  of  aggregate,  should  the  requirement  be  based 
upon  a  mortar  test.  It  seems  unfair  to  ask  the  contractor  to  assume  not 
only  the  strength  of  the  aggregate,  but  also  that  of  the  cement  and  of  the 
resulting  mortar. 

There  is  sufficient  argument  in  favor  of  a  compression  requirement  for 
concrete,  if  such  a  compression  test  is  to  be  asked  at  all.  Tests  of  the 
cement  alone  will  be  comparative  only  and  will  not  involve  all  the  effects 
which  certainly  take  place  in  the  preparation  of  mortar  or  concrete.  The 
question  as  to  where  this  responsibility  shall  rest  must  be  decided. 

'Mr.  Larned  casts  some  light  upon  the  attitude  of  the  cement  manu- 
facturer toward  this  subject  when  he  says :  "The  cement  manufacturers 
sell  cement  today  which  is  guaranteed  to  meet  the  requirements  of  the 
standard  specification  of  the  American  Society  for  Testing  'Materials.  At 
the  present,  time  they  have  only  a  tensile  requirement.  There  is  a  tentative 
specification  providing  for  compression  tests  and  requirements,  but  this 
has  never  been  incorporated  in  the  standard  specification.  When  it  is, 
it  is  assumed  that  it  will  be  reasonable,  and  that  cement  manufacturers 
will  probably  guarantee  their  product  under  this  requirement  also,  but 
thej  only  gTiarantee  cement,  and  in  my  judgment  they  will  never  guarantee 
the  sand,  the  coarse  aggregate,  or  the  personal  equation  in  making 
concrete." 

Article  11. — Mortar  Strength  Test: 

The  comparison  of  tests  of  mortars  with  the  standard  Ottawa  sand 
mortar  has  been  considered  meaningless  and  without  value  by  many 
engineers.  The  imposition  of  such  a  comparative  check  upon  the  fine  aggre- 
gate works  hardships  upon  ma^nj^  contractors  who  are  forced  to  import  the 
Ottawa  sand  from  long  distances  in  order  to  comply  with  the  specification. 
When  one  considers  that  the  cement  is  acceptable  under  the  specification 
if  showing  a  tensile  strength  of  200  lb.  per  sq.  in.,  and  that  some  natural 
sands  showing  a  strength  of  24(i  lb.  per  sq.  in.  have  been  condemned  because 
they  did  not  show  100%  of  the  strength  of  the  Ottawa,  one  wonders  if 
the  wise  thing  has  been  imposed.  Certainly  the  practical,  sensible  course 
is  not  being  pursued. 

Mr.  Larned  says:  "Should  we  not  rather  fix  a  definite  strength  for 
natural  sand  or  fine  aggregate  in  pounds  per  square  inch  without  further 
reference  to  Ottawa  sand,  whch  is  only  used  for  laboratory  purposes." 

The  lack  of  practical  intent  of  the  specifications  is  further  evidenced 
by  the  fact  that  "generally  speaking  it  is  not  possible  to  test  concrete 
cylinders  on  the  site  of  the  work.  It  requires  testing  machines  which 
are  found  in  the  laboratories  of  the  country  but  are  often  not  found 
anywhere  n^ar  the  work."  This  often  necessitates  the  shipping  of  cylinders 
over  long  distances. 
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Prof.  C.  M.  Spofford  says  regarding  the  Springfield  Bridge  tests : — 
"We  have  been  making  tests  of  concrete  used  at  Springfield  on  the  bridge 
there.  In  order  to  do  this  we  have  had  to  ship  them  to  Boston  and  do 
the  testing  at  Technology — at  least  we  found  that  the  most  convenient 
place  to  make  these  tests.  In  order  to  get  them  up  here  to  make  the 
seven  day  tests  they  had  to  be  shipped  when  they  were  not  very  thoroughly 
set  and  it  is  quite  possible  that  the  jarring  of  the  concrete  during  ship- 
ment would  have  a  material  effect  on  the  strength  of  the  cylinders.  I 
think  this  feature  has  not  been  considered." 

Articles  16  and  17. — Ruhhle  and  Cyclopean  Aggregate : 

These  articles  again  point  to  the  lack  of  detail  which  a  real  specifica- 
tion should  possess.  It  is  suggested  from  time  to  time  that  the  engineer 
may  add  these,  but  why  call  the  whole  a  specification  if  it  is  not? 

Article  26. —  Unit  of  Measure: 

"The  unit  of  measure  appears  to  have  grown  since  the  work  of  the 
original  Joint  Committee,  94  lb.  of  cement  or  one  bag  is  to  be  considered 
as  one  cubic  foot  formerly,  largely  for  purposes  of  convenience  in  gaging 
a  barrel  of  cement,  or  four  bags  weighing  380  lb.  was  called  3.8  cu.  ft. 
This  was  qtiite  a  growth  in  view  of  the  specification  then  existing,  where 
based  upon  the  actual  volume  measurement  of  the  commercial  cement 
barrel,  it  was  found  that  the  actual  content  between  beads  in  the  ease 
of  the  largest  barrel  found  among  8  or  10  brands,  including  foreign  brands, 
was  less  than  3.5  cu.  ft.  and  many  important  engineering  undertakings 
were  carried  through  where  the  imit  of  measure  was  called  3.5  to  3.6  cu.  ft. 
per  barrel.  The  present  requirements  is  a  liberal  move  in  favor-  of  the 
contractor,  but  it  can  hardly  be  interpreted  as  an  added  factor  of  safety 
m  the  strength  reqxiirements  of  concrete." — L.   C.  Wason. 

Article  27. — Method  of  Measuring  : 

This  article  "specifies  two  alternatives  for  measuring  constituents — ■ 
by' volume  or  by  weight.  In  a  general  specification  this  is  rather  unwase. 
It  would  lead  to  controversy  on  the  work,  speaking  from  the  business  end 
rather  than  the  technical  end,  and  there  are  now  only  inadequate  methods 
of  weighing  concrete  in  quantities,  as  would  have  to  be  done  on  large  work. 
It  is  fairly  easy  to  measure  it  by  volume.  It  would  add  to  the  expense 
of  executing  the  work  to  weigh  your   aggregates." — L.  C.  Wason. 

Article  28. — Proportions: 

Never  has  a  tentative  specification  advocated  so  radical  a  departure 
from  existing  practice.  One  wonders  if  someone  has  suddenly  developed 
the  heretofore  unknown  trick  of  concrete  mixing,  which  because  of  its  very 
satisfactory  disposition  of  natural  inequalities  and  the  human  equation 
makes  a  uniform  reacting  composition.  It  is  probably  the  general  opinion 
of  engineers  that  no  such  trick  has  been  discovered.     The  general  opinion 
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which  exists  is  that  the  Committee  has  overstepped  its  interpretation  of 
present  conditions.  Nevertheless  we  are  anxious  to  travel  in  this  very 
definite  direction. 

L.  J.  Towne  says :  "The  proposal  to  proportion  concrete  to  secure 
definite  strength  based  on  laboratory  tests  of  compression  cylinders  repre- 
sents a  distinct  advantage  in  the  art  which  will  tend  to  economy  of  mate- 
rials and  a  better  class  of  concrete  construction.  It  should  therefore 
receive  the  thoughtful  consideration  of  every  engineer.  One  can  agree 
with  this  principle,  however,  and  at  the  same  time  hold  grave  doubts 
whether  the  time  has  yet  come  when  concrete  can  be  purchased  on  the 
basis  of  strength  in  the  same  way  that  structural  steel  is  now  purchased. 

"It  is  true  that  thousands  of  laboratory  tests  have  apparently  estab- 
lished with  reasonable  accuracy  the  relation  between  the  component  parts 
of  the  concrete  including  water  and  the  resulting  strength  of  the  specimen. 
On  the  other  hand,  the  question  of  the  relation  between  the  strength  of 
specimens  made  in  the  field  and  the  strength  of  laboratory  specimens 
from  the  same  aggregates  has  had  comparatively  little  attention.  The 
writer  had  occasion  recently  to  compare  a  series  of  field  tests  of  com- 
pression cylinders  made  under  working  conditions  in  which  the  water 
content  and  "slump"  had  been  carefully  recorded,  with  the  predicted 
values  in  the  table  printed  with  the  Joint  Committee's  Progress  Report. 
The  results  showed  no  relation  whatever  between  the  actual  and  the  pre- 
dicted strength.  Probably  if  all  the  variable  factors  were  known  includ- 
ing the  personal  equation  of  the  man  making  the  specimens,  the  dis- 
crepancies might  be  satisfactorily  explained,  but  the  experience  brought 
forcibly  to  mind  the  fact  that  there  is  much  ground  to  be  covered  before 
we  may  confidently  predetermine  the  strength  of  concrete  under  conditions 
existing  in  the  field. 

It  seems  especially  unwise  in  the  present  state  of  the  art  to  fix  the 
responsibility  for  securing  concrete  of  a  definite  strength  on  the  contractor. 
Tlrt  responsibility  for  determining  the  proper  proportions  of  cement  aggre- 
gate and  water  should  rest  squarely  on  the  engineer. 

When  the  contractor  has  followed  the  engineer's  directions  in  this 
regard  as  well  as  his  specifications  for  time  of  mixing  and  workmanship 
in  general,  he  has  gone  as  far  as  he  can  be  expected  to  go  and  should  not 
be  held  responsible  for  the  strength  of  the  concrete,  except  where  defective 
work  can  be  traced  to  his  failure  to  conform  to  the  engineer's  specifica- 
tions for  either  material  or  workmanship.  Any  other  policy  will  result 
in  endless  confusion  in  the  enforcement  of  the  specification  and  will  work 
to  the  disadvantage  of  the  honest  contractor  and  in  favor  of  the  less 
scrupulous   contractor   who   is    willing   to   take   a    long   chance." 

Some  very  direct  arguments  in  opposition  to  this  article  are  advanced 
by  Messrs.  L.  C.  Wason,  A.  B.  Mac'Millan  and  Prof.  C.  M.  Spoff'ord  in  the 
following   extracts:  — 

(a)  "Looking  at  it  from  a  business  point  of  view,  if  the  contractor 
is  going  to  play  safe,  obliges  him  to  get  his  equipment  set  up  so  that  the 
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materials  can  be  operated  on  a  commercial  basis,  as  he  would  in  the 
work.  Take  his  machinery,  materials,  and  shut  down  the  work  for  28 
days  to  make  the  test, — imagine  what  that  would  be.  Yet  that  is  the 
only  way  you  can  possibly  be  safe,  and  if  you  don't  do  tliat  you  might 
put  up  two  stories  of  a  building  before  your  tests  are  made  and  find  by 
your  tests  that  the  work  is  below  standard  and  you  are  liable  to  a  loss.. 
The  specifications  nowhere  call  for  a  factor  of  safety  or  for  tests  of  the 
building — only  for  laboratory  tests,  and  the  whole  work  is  to  be  judged 
by  laboratory  tests.  There  is  no  alternative.  That,  from  a  business  point 
of  view,  is  very  bad. 

(b)  "The  second  alternative  eliminates  one  of  these  bad  features 
It  allows  the  contractor  to  proportion  his  materials  to  give  a  certain 
strength.  A  footnote  says  prepare  your  contract  so  that  if  you  have  a 
lawsuit  you  will  know  what  procedure  to  follow.  They  recognize  that 
trouble  might  arise,  but  don't  try  to  eliminate  it.  Now  a  lot  of  contractors 
are  able  to  make  tests  and  proportion  materials  correctly,  but  a  great 
many  more  of  them  are  not.  Therefore  it  is  better  to  put  the  respon- 
sibility on  the  engineer,  where  it  belongs.  Let  him  assume  the  respon- 
sibility of  design  and  strength  and  let  the  contractor  merely  execute  the 
work  under  his  supervision. 

"The  third  method  of  specifying  definite  proportions  is  all  right,  but 
it  refers  to  Table  4  which  gives  elaborate  percentages  of  different  degrees 
of  strength  and  size  of  materials.  It  would  be  much  better  to  eliminate 
that  table  and  put  the  responsibility  upon  the  engineer  to  select  the 
proportions  which  he  wants,  and  then  if  that  affects  the  cost,  let  an 
adjustment  be  made.  Do  not  let  the  contractor  assume  part  of  the  respon- 
sibility  which   belongs   to   the   engineer." — L.   C.   Wason. 

"One  thing  this  article  does  not  mention  is  the  possible  burden  on  the 
contractor  of  agreeing  to  furnish  concrete  of  a  given  strength  before  he 
has  the  job, — in  other  words,  some  28  days  before  the  contract  has  been 
obtained  he  must  visit  the  gravel  pits  and  make  various  tests  and  deter- 
mine by  analysis  that  the  gravel,  sand,  and  cement  which  he  proposes  to 
use  are  correct  to  give  concrete  of  the  strength  that  is  required.  We 
have  found  in  actual  practice  on  large  work  that  it  is  frequently  impossible 
to  get  sufficient  gravel  from  any  one  pit  or  stone  from  any  one  quarry.' 
Suppose  that  instead  of  determining  the  quality  of  the  sand  in  one  pit 
you  have  to  go  to  several.  The  results  are  obviously  uncertain :  very  far 
from  anything  you  can  predict  in  advance." — A.  B.  MacMillan,  Aberthaw 
Construction  Co. 

"The  first  one  of  these  is  not  that  we  as  engineers  would  care  to  use. 
We  wish  to  take  the  responsibility  for  the  mixture,  for  the  strength  of 
the  concrete,  rather  than  to  allow  tlie  contractor  to  take  it.  If  the 
contractor's  results  have  got  to  be  determined  by  28  day  tests  it  seems 
to  me  personally  a  very  difficult  method  of  procedure.  He  may  have  the 
building  up  several  stories  before  the  ground  story  can  have  been  tested. 
What  are  we  going  to  do  if  we  find  that  it  is  not  strong  enough?    Mighty 
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few  engineers  could  induce  the  contractor  to  pull  down  tlie  building  and 
start  over  again  and  I  think  it  would  be  difficvilt  to  produce  the  force  to 
require  him  to.  It  seems  highly  impractical.  The  last  method  of  pro- 
portioning seems  to  conform  to  j)resent  practice  if  we  omit  the  reference 
to  Table  4  and  possibly  the  rest  of  the  clause.  (I  am  not  sure  about  that.) 
I  think  the  Committee  should  reach  a  decision  as  to  which  one  of  these 
it  wishes  to  recommend,  if  the  report  is  to  be  of  value.  I  am  as  much  in 
sympathy  with  the  attempt  to  obtain  in  concrete  a  material  that  can  be 
ordered  by  strength,  as  anyone.  If  we  could  specify  the  strength  of  con- 
crete as  we  specify  the  strength  of  steel  it  would  be  a  fine  thing,  but  I 
see  no  means  of  doing  it  at  the  state  of  the  art.  We  can  buy  steel  with 
certainty.  It  can  be  tested  while  it  is  being  made  and  if  it  is  not  up  to 
the  standard  the  steel  can  be  rejected  and  used  on  some  other  job,  but 
with  concrete  it  is  another  matter.  When  it  is  made  something  has  to 
be  done  with  it.  It  must  be  used  on  the  job,  and  I  don't  think  we  have  yet 
reached  the  point  where  we  can  hope  to  write  such  a  specification  and 
enforce  such  requirements." — Prof.   C.   M.   Spofford. 

The  general  impression  that  this  article  is  a  step  in  the  right  direc- 
tion is  well  stated  by  C.  E.  ISTichols,  of  Stone  &  Webster — "I  should  like 
to  emphasize  that,  not  only  is  Article  28  a  step  in  the  right  direction, 
but  that  I  think  we  ought  to  recognize  it  and  encourage  it.  I  don't  think 
we  ought  to  say  that  we  can't  specify  concrete  of  a  given  strength  and 
expect  to  get  it.  We  all  hope  to  reach  or  approximate  that  sooner  or 
later.     For  that  reason  I  think  we  ought  to  encourage  it." 

L.  J.  Towne  constructively  criticizes  the  article  by  supplying  the 
following  substitutes : — 

"The  proportion  of  cement,  water,  and  aggregates,  and  the  desired 
strength  shall  be  as  follows : 

Portland  Fine  Coarse  Consistency     ^Desired 

Class  ^  J.  *  i  ,  ^  by    slump       Strength  at 

Cement  Aggregate        Aggregate  test  28  days 

A 1 

B   :.    1  ....  ....  ....  .... 

C     1  

p   1  

"The  quantity  of  water  used  shall  be  such  as  to  produce  concrete  of 
the  consistency  specified  above  as  determined  by  tests.  After  the  engineer 
has  approved  the  fine  and  coarse  aggregate  to  be  used  for  the  Avork,  and 
before  any  concrete  is  poured,  he  will  advise  the  contractor  whether  any 
changes  are  desired  in  the  proportions  given  in  the  above  table  in  order 
to  obtain  the  desired  strength.  The  engineer  may  also  at  any  time  during 
the  progress  of  the  work  make  such  changes  in  the  proportions  of  water, 
fine  and  coarse  aggregate  as  are  necessary  to  obtain  concrete  of  the 
desired  strength  as  determined  by  tests.  Where  such  change  involves 
an  increase  or  a  decrease  in  the  cost  of  the  concrete  materials,  the  price 
for  the  work  shall  be  adjusted  as  provided  in  the  contract." 
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Article   29. — Consistency : 

There  is  no  question  but  what  this  feature  of  concrete  mixing  is  of 
very  great  importance.  jSomething  sliould  be  done  to  limit  the  careless 
use  of  water.  The  Committee  loses  sight  of  the  fact  that  it  delegates  to 
the  engineer  full  responsibility  for  this  feature,  while  it  holds  the  con- 
tractor responsible  for  the  strength  of  the  resulting  concrete  which  they 
themselves  tie  up  inseparably  to  the  water -cement  ratio.  Divided  respon- 
sibility of  this  kind  will  lead  nowhere. 

Article  30. — Machine  Mixing : 

This  article  "specifies  equipment  which  I  think  does  not  now  exist. 
You  cannot  specify  a  definite  water-cement  ratio  and  expect  to  live  up 
to  it.  If  you  use  a  locked  measiiring  device  you  will  get  all  kinds  of 
mixtures.  Twenty -two  quarts  of  water  with  a  two  bag  mix, — I  think  that 
is  about  the  proportion, — and  see  that  an  intelligent  man  is  on  the 
mixer.  But  it  varies  from  two  quarts  to  four  quarts  to  get  the  same 
apparent  consistency  and  I  will  defy  anyone  to  carry  out  a  construction 
job  and  make  a  slump  test  of  every  batch.  That  is  the  only  way  he  can 
see  what  he  is  doing.  He  has  got  to  use  his  judgment.  'Make  adjustments 
from  batch  to  batch,  in  order  to  get  the  consistency  desired." — H.  F.  Bryant. 

"There  are  also  methods  specified  which  effect  concrete  machinery 
men.  "The  water  shall  be  measured  by  an  automatic  device,"  and  later 
on  it  specifies  that  the  device  shall  be  kept  locked  and  not  under  the  con- 
trol of  the  contractor  or  the  workmen.  The  moisture  in  aggregates  will 
vary  from  day  to  day  and  perhaps  on  the  same  day,  and  it  may  not  be 
convenient  for  .the  engineer  to  change  the  quantities  of  water  to  meet  the 
emergency." — L.  C.  Wason. 

What  would  be  more  foolhardy  than  to  tie  the  contractor  dowTi  to 
conflicting  conditions.  It  seems  that  it  is  well  to  take  the  spirit  of  the 
above  criticisms  into  consideration. 

Article  31. — Time  of  Mixing: 

The  unnecessary  increase  of  mixing  time  will  show  up  in  the  cost  of 
a  building.  It  is  unquestionably  well  to  provide  a  minimum,  but  it  cer- 
tainly is  unwise  to  expect  a  time  which  is  of  no  great  advantage.  A.  C. 
Tozzer  approaches  this  item  with  the  comment :  "The  time  of  mixing 
comes  up  very  frequently  in  specifications  and  on  actual  work. — 'The 
mixing  of  each  batch  shall  continue  not  less  than  ll^  min.  after  all  the 
materials  are  in  the  mixer.'  It  has  been  brought  out  by  test  that  increas- 
ing the  time  from  %  to  1  minute  gives  only  a  10%  increase  in  strength 
and  from  1  to  1%  minutes  only  2%  additional.  These  were  tests  con- 
ducted at  Purdue  University." 

Article  37. — Spouting  : 

Mr.  Larned  says :  "Is  it  expected  for  a  moment  that  a  practically 
continuous   flow   in  the   spout   could   ever   be   maintained?     The   provision 
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for   discharging   into  a  hopper   is   a   timely  one   in  view  of  the  foregoing 
requirement." 

Article   'iO. — Protection  : 

"Tliis  paragraph  is  "tlie  only  thing  on  protection  of  surfaces : — just 
two  lines,  "Exposed  surfaces  of  concrete  subjected  to  premature  drying 
shall  be  kept  thoroughly  wetted  for  a  period  of  at  least  7  days."  If  you 
are  going  to  use  these  specifications  in  real  earnest  you  must  take  them 
at  their  face  value,  on  what  they  say,  not  what  the  Committee  intended 
to  say.  That  literally  means  that  every  exposed  surface,  walls,  ceilings, 
floors,  and  columns  must  be  protected  by  being  kept  wet  for  a  period  of 
at  least  seven  days,  and  you  all  know  what  an  impossibility  that  is,  and 
how  unnecessary.  Moreover  there  is  no  description  of  what  "premature 
drying"  means.  That  assumes  "premature"  is  a  correct  term,  but  we 
are  not  told  what  it  is." — L.  C.  Wason. 

Articles  J/l,  46,  J/S,  and  SJ/,  etc. — 

The  outstanding  conglomerate  nature  of  the  specifications  with  regard - 
to  principle  and  detail  is  again  called  to  our  attention  by  these  articles. 
If  detail  must  exist,  it  should  be  left  to  the  engineer  and  contractor  to 
work  out  in  the  light  of  the  particular  conditions. 

Article  67. — Fire  Protection: 

Next  to  Article  28,  with  its  tendency  toward  increased  cost  of  con- 
struction because  of  "playing  safe,"  this  clause  discards  or  tends  to  dis- 
card one  of  our  very  plentiful  and  heretofore  iiseful  aggregates, — gravel. 

Mr.  Wason  approaches  this  article  by  saying  that  t\\e  "extra  pro- 
tection under  certain  conditions  which  practically  eliminate  the  use  of 
quartz  or  gravel  concrete.  Oftentimes  this  is  the  only  available  material 
or  the  cheapest  material  and  should  be  permitted  and  not  absolutely 
excluded.  We  will  admit  that  in  certain  jjlaces  where  there  is  such  extreme 
fire  hazard  and  extra  risk  it  is  wise  to  use  better  aggregate  than  quartz, 
but  this  wholesale  exclusion  is  an  unnecessary  expense  to  the  owner." 

Mr.  Tozzer  remarks  that  "the  provisions  for  fire  protection  would 
throw  out,  of  course,  the  quartz  gravel.  Consider  the  case  of  a  spiral 
column  where  gravel  was  used: — that  would  mean  that  the  diameter  of 
your  column  would  be  increased  2  in.  and  you  would  have  to  place  (out- 
side of  the  spiral)  a  wire  mesh.  We  all  know  how  hard  it  is  to  get  the 
concrete  around  a  spiral,  but  when  we  have  to  get  it  around  a  wire  mesh 
also,  I  am  afraid  the  amount  of  water  would  be  in  excess  of  what  is 
allowed  by  the  slump  test." 

Mr.  Bryant  further  remarks  about  this  article  "The  requirement  of 
1  in.  cover  for  fire  protection  for  the  steel  in  flat  slabs  is  quite  onerous. 
There  is  a  big  difference  between  1  in.  and  %  in.  I  think  we  all  do.  It 
is  a  question  of  compromise  and  that  1  inch  means  weight.  It  means  a 
very  large  percentage.     It  runs  into  money,  and  we  don't  get   1   in.  now. 
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What  is  the  use  of  providing  it  if  we  aren't  going  to  get  it.  I  think 
nobody  will  object  to  %m.  and  I  hope  this  won't  get  into  print  as  it  now 
stands  in  the  Committee's  specification.  The  additional  inch  for  gravel 
or  stone,  I  think  is  grotesque.  I  believe  there  is  no  question  that  trap  rock 
is  much  better  protection,  but  personally  I  jion't  know  of  any  severe 
injury  to  flat  slab  surface  from  fire  where  the  injury  was  due  to  the  use 
of  quartz  stone  or  gravel.  If  there  is,  it  is  much  more  than  counter- 
balanced by  the  convenience  and  safety  obtained  by  using  a  lighter  slab." 

Article  75. — Expansion  Joints  in    Long  Buildings : 

This  matter  needs  considerable  study.  There  are  various  differences 
of  opinion  and  it  may  be  possible  to  extend  the  200  ft.  limit  with  proper 
care  in  temperature  reinforcement.  It  certainly  is  wrong  to  fix  a/single 
limit.     Perhaps  200-300  ft.  would  be  better. 

Articles  79-80. — Water-proofing  : 

There  is  no  qiiestion  but  what  integral  components  have  been  used 
with  siiccess,  and  there  are  cases  where  membrane  waterproofing  has  failed 
to  produce  good  results.  As  Mr.  Towne  says: — "It  is  unfair  to  rule  either 
type  of  waterproofing  out  entirely." 

Article   82. — Oilproofing  : 

If  the  Committee  indulges  in  details,  why  not  here?  If  it  intends  to 
base  its  specifications  upon  results,  why  not  do  that  clearly?  As  this 
article  now  stands  it  is  not  at  all  explicit  in  either  direction.  The  fact 
that  it  is  to  be  rested  with  the  engineer  indicates  that  at  times  the 
Committee  intended  the  more  reasonable  type  of  specification. 

Article  96. — Curing: 

This  article  is  significant  of  at  least  an  unintentional  ignorance  of 
the  practical  phases  of  road  construction.  Mr.  Larned  elaborates  upon 
this  phase: — "21  days  is  14  days  in  excess  of  the  present  requirements  of 
practically  all  the  highway  associations  in  the  country.  Just  what  they 
mean  by  'pavement'  I  don't  know.  I  would  assume  it  might  include 
sidewalks,  in  which  case  you  would  be  excluded  from  the  use  of  a  side- 
walk for  at  least  21  days,  plus  the  time  of  construction.  In  the  case  of 
a  highway  I  recognize  the  difficulty  of  taking  care  of  traffic  during  con- 
struction and  of  throwing  the  road  open  as  soon  as  possible.  Yet  the 
contract  calls  for  two  weeks  at  least  before  the  concrete  could  be  put  in 
use,  and  when  it  was  put  in  use  a  40  ton  truck  with  iron  wheels  was 
to  go  over  it.  What  can  you  do  to  maintain  a  detour  for  21  days?  The 
last  stretch  of  the  work  you  put  down  is  the  controlling  factor.  It  may 
take  two  or  three  months  to  build  a  three  mile  stretch.  What  are  you  to 
do, — wait  for  the  job  to  be  finished  and  then  21  days  longer  before  you 
use  it  ?" 
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Section  XI.    Design  ~ 

In  this  phase  of  the  report  the  engineer  is  probably  the  most  inter- 
ested party.  In  general  these  articles  are  as  before.  They  form  a  very 
valuable  part  of  a  "recommended  practice"  report,  but  as  specifications 
material  is  probably  superfluous  in  the  main.  One  of  the  changes,  how- 
ever, which  does  concern  even  the  public  is  the  penalizing  of  lighter  col- 
umns. If  they  are  unsafe  then  we  are  in  danger  of  concrete  failures  for 
some  time  to  come. 

The  following  extracts  will  serve  to  call  attention  to  this  fact  and 
its  far  reaching  effect  on  construction  costs  at  a  time  when  they  are 
already  high. 

"The  design  recommended  by  this  Joint  Committee  was  compared 
with  the  New  York .  Code  and  it  was  found  that  a  whole  building  would 
cost  11%  more  by  the  Joint  Committee  specifications  than  by  the  New 
York  Code.  The  columns  would  cost.  30%  more.  If  the  existing  methods 
of  building  codes  have  been  satisfactory  and  have  given  good  results  there 
is  no  need  of  penalizing  construction  by  putting  up  a  structure  which  is" 
better  than  is  needed.  Your  engineer  specifies  what  he  wants,  what  is 
good  enough.  There  is  no  need  to  compel  it  to  be  11%  more  expensive." — 
L.  C.  Wason. 

"In  the  early  years  of  concrete  building  where,  everything  was  hit 
or  miss  amongst  a  great  many  contractors,  there  were  a  number  of  fail- 
ures, which  today  we  hear  nothing  of.  Today  we  immediately  put  a  fail- 
ure down  to  carelessness  or  inefficiency.  That  brings  out  the  fact  in  our 
minds  very  clearly  that  this  increased  cost  which  must  come  by  more 
rigid  requirements  is  something  which  would  be  a  very  serious  blow  to  the 
economic  side  of  the  concrete  industry." — A.   C.  Tozzer. 

Prof.  Spofford  also  finds  the  following  fault  with  Article  197: — "I 
notice,  for  example,  the  allowable  unit  stress  in  steel  which  says  that 
rail  steel  bars  shall  be  figured  at  16,000  lb.  per  sq.  in.  That  refers  to 
re-rolled  steel.  That,  of  course,  arouses  at  once  a  good  deal  of  antagonism 
among  makers  of  re-rolled  steel.  I  don't  think  there  is  enough  informa- 
tion on  hand  to  warrant  reaching  an  opinion  that  re-rolled  steel  is  not 
perhaps  as  good  as  the  intermediate  or  hard  grade  of  billet  steel.  I  think 
the  Committee  should  study  that  point  further  before  issuing  a  definite 
specification  for  it.  Also  the  strength  of  concrete,  which  goes  up  to  800 
lb.  when  we  are  only  accustomed  to  using  650  lb.  I  am  not  certain  that 
is  a  proper  change  to  make  at  this  time.  We  have  had  a  good  deal  of 
experience  in  testing  concrete  cylinders  and  I  am  quite  in  agreement  with 
the  statement  of  how  variable  the  results  are  in  tests  on  cylinders  taken 
on  concrete  on  the  work.  I  suppose  we  have  tested  many  hundreds  in  the 
last  few  years  •  and  the   results   are  certainly   quite  variable." 


Discussion  of  Boston  Report. 


E.  J.  MoOEE. — Could  we  get  'Mr.  Wason's  recommendations  for  the 
time  of  mixing  in  place  of  that  minute  and  a  lialf,  whether  it  is  one  min- 
ute or  three-quarters  of  a  minute? 

L.  C.  Wason. — I  should  say  not  less  than  half  a  minute  and  not 
necessarily  more  than   three-quarters  of  a  minute  would  be  sufficient., 

Sanford  E.  Thompson. — Mr.  Wason  has  referred  to  Article  28,  on 
which  there  has  been  a  great  deal  of  comment  in  various  quarters.  1 
would  like  to  ask  him  if  he  has  prepared  any  constructive  suggestion  as 
to  a  substitute  for  that  article?  I  know  as  a  member  of  the  Joint  Com- 
mittee, that  we  are  anxious  to  make  that  article  so  that  it  is  practical 
and  yet  covers  the  theoretical  points. 

Mr.  Wason. — I  have  not  put  it  in  exact  words,  but  it  is  the  expecta- 
tion .that  groups  of  engineers  who  are  discussing  it  will  get  it  into  that 
shape  pretty  soon.  It  is  my  personal  belief  that  the  first  two  alternatives 
should  be  eliminated  altogether;  that  the  third  should  be  modified  by 
cutting  out  the  reference  to  Table  IV  which  specifies  proportions  or  sizes 
which  do  not  universally  exist  throughout  the  country,  and  let  the  engi- 
neer, from  a  test  of  the  actual  materials,  determine  what  you  can  do 
under  the  circumstances  of  the  particular  materials  he  has  at  hand,  that 
is,  specify  proportions,  in  that  third  alternative,  from  his   own  tests. 

Duff  A.  Abrams. — I  would  like  to  have  Mr.  Wason  indicate  just  how 
the  engineer  shovild  determine  this  matter  of  proportions  without  using 
the  table  and  following  his  own  suggestions :  Should  the  engineer  simply 
take  the  aggregate  as  it  is  and  determine  what  the  proportion  should  be? 

Mr.  Wason.— If  your  materials  are  of  the  sizes  whicli  fit  your  tables, 
use  them :  if  they  do  not  fit  the  table,  determine  for  the  particular  case 
in  mind,  what  they  should  be. 

Mr.  Abrams. — That  is  just  the  point  I  would  like  to  have  explained. 
How  should  he  do  that? 

Mr.  Wason. — By  taking  materials  and  making  tests.  Take  the  mate- 
rials as  soon  as  the  contract  is  awarded.  Probably  you  will  have  your 
test  done  before  you  get  very  far  in  your  work,  before  you  get  your 
foundation  done.  It  is  in  the  superstructure  that  exact  knowledge  of 
strength  is  required ;  there  is  where  it  is  important.  I  think  you  would 
have  time  to  make  your  tests  as  soon  as  they  awarded  the  contract  and 
before  they  started  actual  work  on  construction. 

Mr.  Abrams. — I  understood  that  was  one  of  your  objections  to  the 
report,  that  the  job  would  have  to  be  held  up  twenty-eight  days  after 
everything  was  all  set,  waiting  for  the  tests  to  be  completed. 

Mr.  Wason. — I  did  say  so.  As  I  understand  this  first  alternative 
])aragraph,  you  take  tests  at  regular  intervals  through  the  work.  My 
suggestion  is  that  you  take  them  at  the  very  beginning  and  that  will 
be  all.     I  would  like  to  state   one  thing  I   did  not  say   in  the  beginning 
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of  my  remarks,  that  there  is  no  reference  whatever  to  factors  of  safety, 
nor  to  actual  tests  of  the  structure.  You  depend  entirely  on  laboratory 
tests  for  your  finished  structure;  if  laboratory  tests  fail  to  measure  up 
to  your  requirements,  the  structure  is  .  weak ;  the  natural  way  then 
would  be  to  make  some  tests  of  the  structure,  but  the  specifications  do 
not  permit  that  alternative  and  make  no  reference  whatever  to  a  factor 
of  safety  as  a  basis  for  determining  whether  the  structure  is  strong 
enough  or  not.  The  only  alternative  is  to  make  an  adjustment  with  the 
owner  or  to  resort  to  the  law  courts. 

Richard  L.  Humphrey. — As  I  understand  Mr.  Wason's  answer  to 
Prof.  Abrams,  when  you  went  on  the  job  you  would  propose  for  the  con- 
tractor to  take  wliatever  materials  were  available  and  make  the  tests; 
would  you   carry  that  same  i>roportion  throughout   the  entire  structure? 

Mr.  Wason. — If  the  materials  are  uniform  one  set  of  tests  ought  to 
be  enough.  If  they  come  from  different  sources,  test  each  one.  Some- 
times you  cannot  get  all  the  materials  from  one  source,  and  in  that,  case 
you  would  make  another  test.  If  it  is  evident  the  materials  lack  uni- 
formity, make  tests  enough  to  keep  the  desired  results  under  control. 

Mr.  Humphrey. — What  would  you  do  in  that  case;  hold  the  con- 
struction up? 

Mr.  Wason. — That  would  be  the  safest  thing  to  do,  but  it  is  not  the 
usual  thing  to  do,  because  an  engineer  has  sufficient  experience  to  deter- 
mine whether  the  new  materials  are  equal  in  strength  to  the  old  quite 
promptly. 

Mr.  Humphrey^. — Assuming  that  the  materials  all  come  from  the 
same  source,  do  you  think  a  single  test  at  the  beginning  of  the  operation 
would  be  sufficient? 

Mr.  Wason. — Probably,  yes. 

A.  E.  Lindat;. — I  should  like  to  ask  Mr.  Wason  to  make  some  recom- 
mendation or  express  his  opinion  as  to  the  character  of  the  load  tests  that 
would  determine  the  success  of  the  work.  That  has  been  a  mooted  question, 
how  they  should  be  carried  out  and  what  should  be  the  criterion  of  a 
sviccessful  job  as  measured  by  the  load  test. 

Mr.  Wason. — If  you  were  building  a  structure  with  a  given  floor 
load,  like  200  lb.  per  sq.  ft.  and  have  reason  to  believe  that  your  mate- 
rials may  be  a  little  weak,  I  think  that  if  it  is  tested  to  twice  that  load 
and  the  deflections  are  within  limits  that  experience  proves  to  be  safe, 
that  the  floor  is  all  right.  It  is  my  practice  to  put  on  twice  the  load 
which  the  structure   is  designed  to  carry,   in  making  a  load  test. 

Mr.  Lindau. — I  would  like  to  ask  still  further  whether  you  would 
base  the  success  of  the  load  test  on  a  deflection  measurement  or  recovery? 
Your  modulus  may  be  4,000,000  or  2,000,000,  and  j'our  deflections  may 
vary  with  the  modulus;  it  depends  on  whetlier  you  want  to  use  a  deflec- 
tion  measurement  or   recovery  measurement   as  the  basis. 

'Mr.  Wason. — I  take  both  into  consideration,  and  by  consideration 
of  all  the  facts  available,  determine  whether  the  floor  is  strong  enough  to 
put   into  actual   service. 
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Mr.  Lindau. — I  would  like  to  ask  if  you  would  think  that  the  pro-  Mr.  Lindau. 
vision  used,  I  think,  in  the  Chicago  Ordnance,  of  80%   recovery,  a  satis- 
factory criterion  for  a  job. 

Mr.  Wason. — Yes,  I  think  it  would  be.     I  know  of  a  number  of  cases  Mr.  Wason. 
in  my  own  work  where  I  got   100%   recovery;    if  you  get  80%   recovery, 
I  think  that  is  satisfactory. 

Mr.  Lindau. — I  would  like  to  ask  Mr.  Wason   if  he  thinks  that   30  ^^  Lindau 

days'  load  test  would  be  satisfactory  from  a  contractor's   standpoint,   or 

would  impose   an  unnecessary   limitation? 

Mr.  Wason. — If  a  contractor  has   done  work  which  is,   say,  open  to   ,,    „, 

•"      ^  Mr.  Wason. 

reasonable  doubt  as  to   strength,  he  has  got  to   stand   to   have  a  proper 

test  made,  whether  it  is  satisfactory  to  him  or  not.     It  is  his  fault,  and 

therefore  I  do  not  think  you  need  to  consider  him,  whether  a  test  is  made 

one  month  or  one  day,  the  owner's  interest  then  is  at  stake  and  the  owaier 

should  do  what  is  for  his  own  best  interest,  not  the  contractor's. 

H.  W.  Brown. — Supjiose  there  is  no  fault  evident  at  all,  you  are 
simply  trying  to  find  out  whether  the  construction  is  proper.  You  say 
it  is  the  contractor's  fault;  he  may  be  at  fault,  but  there  may  not  be  any 
evidence  of  the  fault;  you  are  trying  to  find  out  whether  it  is  wrong 
or  not. 

Mr.  Wason. — If  there  is  a  reasonable  doubt,  you  have  got  to  find  out.  jyjj  wason. 
I  think  it  is  up  to  the  contractor  to  prove  that  his  work  is  all  right. 

Mr.  Humphrey. — I  would  like  to  ask  Mr.  Wason  whether  he  thinks  j^j.  Humphrey, 
the  test  of  a  floor  would  be  an  indication  of  the  value  of  the  column  in 
the  lower  stories?    Would  you  load  more  than  one  floor  or  an  entire  floor, 
or  how  would  you  get  a  test  on  your  column? 

Mr.   Wason. — If  you  have  doubts   about  the   columns   in  your   lower  Mr.  Wason. 

stories,  put  suflicient  tests  on  the  building  to  prove  whether  those  lower 

columns   are  right  or   not.     That  might  require  loading   several  floors   or 

all  the   floors   around   one   particular   column   to  prove   whether   the   first 

story  is  right  or  wrong.     I  think  the  engineer  should   use   his  own  best 

judgment  to   determine '  beyond  a  reasonable  doubt,   if  those  columns   are 

satisfactory. 

Mr.  Humphrey. — I  would  like  to  ask  Mr.  Wason  if  he  cares  to  say  ,,    ,^ 

■^    Mr.  Humphrey, 
whether  he  thinks  the  cost  of  those  tests   should  be  borne  by  the  owner 

or  by  the  contractor. 

Mr.  Wason. — That  would  depend  somewhat  upon  conditions.  The 
contractor  is  liable  to  be  at  fault,  and  if  his  work  shows  a  reasonable 
doubt  so  that  it  requires  a  test,  I  think  it  should  be  at  his  expense  to 
prove  that  it  is  satisfactory. 

Frank   C.  Wight. — Can  Mr.   WasOn   tell   us   how  he  would  establish   j^^  Wight 
a  criterion  of  this  "doubt"  he  speaks  so  much  about? 

Mr.   Wason. — I   do   not   think   you   can;    it   is   usually   an   argument  j^r  Wason 
between  the  engineer  and  the  contractor,  or  the  owner  may  come  in  too. 
I  think  it  is  always  a  special  case. 


II.    New  York,  Presented  by  Deforest  H.  Dixon. 

At  a  meeting  of  New  York  Contractors  interested  in  concrete  and 
reinforced  concrete  construction  held  on  September  13,  1921,  a  Committee 
was  appointed  consisting  of  J.  C.  Alilers,  of  Barney -Alilers  Construction 
Corpn. ;  G.  Edward  Escher,  of  White  Construction  Co.;  N.  M.  Loney,  of 
Thompson-Starrett  Co.;  M.  M.  Upson,  of  Raymond  Concrete  Pile  Co.;  and 
D.  H.  Dixon,  of  Turner  Construction  Co.  This  committee  was  requested 
to  make  a  study  of  the  Progress  Report  of  the  Joint  Committee  and  to 
arrange,  so  far  as  possible,  for  the  testing  out  in  actual  practice  of  the 
provisions  of  that  report  having  to  do  with  proportioning,  control  of 
water,  testing  af  concrete,  etc. 

The   Committee  worked   along  the  following   lines : 

1 — -Prepared  the  following  memorandums  to  assist  contractors  in 
taking  up  the  study  of  the  grading  and  proportioning  of  aggre- 
gates and  the  control  of  water  cement  ratio — 

(a)  The  design  of  concrete  mixtures. 

(b)  Suggestions  for  job  tests  of  concrete. 

(c)  Water   measuring   devices. 

2 — Instituted  trials  on  jobs  of  the  methods  suggested  in  the  tentative 

specifications. 
3 — Conferred  with  experts  in  the  designing  of  concrete  mixtures  and 

in  the  testing  of  concrete. 
4 — Studied   the   available   technical   literature   on   the   subjects   under 

examination. 
5 — Conducted     experiments     on     the     water     content     of     aggregates, 

strengths  of  different  cements  when  tested  at  28  days,  etc. 
6 — Prepared    comparative    estimates    of    cost    when    designing    under 

the  New  York  Building  Code  and  under  the  tentative  specifications. 

The  committee  submitted  its  report  on  Nov.  30,  1921,  in  the  form  of 
a  general  report  containing  a  brief  statement  of  its  comments  on  the 
various  sections  of  the  Tentative  Specifications,  accompanied  by  supple- 
mental reports  on  some  of  the  more  important  matters  requiring  study 
in  connection  with  a  consideration,  of  the  provisions  of  the  Tentative 
Specifications.     These  supplemental  reports  were  as  follows: 

1 — Mr,  Loney"^  submitted  a  supplemental  report  on  comparative  costs 
under  the  Tentative  Specifications  and  the  New  York  Code  with 
comments  on  reasons  for  the  differences  in  cost. 

2 — Mr.  Upson  outlined  the  new  relationship  that  would  be  estab- 
lished between  the  Owner,  Engineer  or  Architect,  and  Contractor, 
by  the  provisions  of  Section  28,  etc.  and  explained  tlie  possible 
developments   that   might   result   from  tliis   new   relationship. 
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3 — Mr.  Dixon  submitted  the  supplementary  report  giving  the  technical 
reasons  why  concrete  cannot  be  sold  by  strength  measured  by 
cylinder  tests  at  28  days. 

The  speaker  will  try  to  summarize  these  reports  as  briefly  as  pos- 
sible. He  regrets  that  the  limitation  of  time  available  permits  only  a 
brief  reference  to  the  effect  of  the  Tentative  Specifications  in  establishing 
new  relationships  between  the  Owner,  Engineer  or  Architect,  and  the 
Contractor.  This  is  a  very  important  matter.  It  is  to  be  hoped  that 
'Mr.  Upson's  study  of  this  question  will  become  available  in  printed  form 
through  the  discussion  at  the  American   Society  of   Civil   Engineers. 

Costs  Under  the  Tentativ-e  Specification  Compabed  With  Costs  Under 
THE  Building  Code  of  the  City  of  New  York. 

After  giving  the  matter  considerable  thought  the  committee  decided 
that  it  was  doubtful  if  reliable  results  could  be  obtained  by  trying  to 
compare  the  costs  of  the  various  parts  of  a  building,  such  as  floor  slab, 
interior  columns,  footings,  etc.  considered  each  as  a  separate  item,  because 
to  design  to  cheapen  one  item  might  increase  the  cost  of  other  items. 
For  example,  when  designing  for  light  floor  loads  under  the  Tentative 
Specification  the  use  of  1500-lb.  concrete  for  the  flat  slab  might  save 
money  in  the  construction  of  the  ^floor  slab  even  though  more  concrete 
was  used  than  would  be  necessary  if  2000-lb.  concrete  was  used,  but 
the  greater  thickness  of  concrete  required  with  1500-lb.  concrete  would 
load  up  the  columns  and  footings  and  increase  the  cost  of  those  items. 
There  were  other  secondary  effects  for  which  it  was  thought  it  would  be 
even  more  difficult  to  make  proper  allowance  in  a  final  analysis. 

The  committee  therefore  decided  to  have  its  comparisons  made  through 
estimates  which  in  each  case  would  cover  the  entire  skeleton  of  a  building, 
includtng  footings,  and  columns,  and  fioors,  and  roof.  It  was  appreciated 
that  to  be  of  value  the  results  had  to  be  worked  out  as  accurately  as 
possible,  and  that  each  result  should,  if  possible,  be  the  average  of  two 
or  more  independent  estimates. 

The  committee  drew  up  a  specification  for  the  reinforced-concrete 
skeleton  of  a  factory  building  six  stories  high,  with  no  basement,  and 
having  outside  dimensions  80  x  300  ft.  This  specification  contained  the 
necessary  information  for  an  accurate  estimate,  such  as  column  spacing, 
bearing  power  of  the  soil,  etc.,  except  no  structural  details  were  shown, 
and  the  engineering  and  estimating  departments  of  each  company  taking 
part  in  the  work  of  the  committee  was  asked  to  design  the  structural 
members  of  the  building  as  cheaply  as  possible  when  figuring  under  either 
of  the  two  codes. 

The  prices  for  cement,  sand,  gravel,  steel  reinforcement  in  place, 
spiral  wire  in  place,  and  labor  per  yard  of  concrete,  including  installation, 
were  all  set  up  in  the  specifications. 

After  studying  Table  IV  of  the  report,  which  seemed  to  give  mixes 
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consistent  with  the  results  that  could  be  expected  on  wet  cylinders,  the 
mix  of  concrete  necessary  in  order  to  obtain  1500  lb.,  2000  lb.,  and  2500 
lb.  concrete  under  the  Tentative  Specifications  was  given  as  follows : 

1500  lb.  per  sq.  in 1  cement,  2.4  sand,  3.5  gravel 

2000    "      "      "     ■' 1        "         1.8      "       2.9 

2500    "      "      '■'     " 1        "         1.3      "       2.4       " 

Under  the  New  York  Code  1:2:4  concrete,  and  1:  P/^:  3  concrete 
was  used  in  accordance  with  the  provisions  of  that  code. 

The  quantities  of  cement,  sand,  and  gravel  per.  yard  of  concrete  were 
in  each  case  taken  from  the  Thatcher  Tables  and  given  for  each  of  the 
mixtures. 

As  it  was  desired  to  find  out  the  effect  of  using  concrete  of  differing 
strengths  when  designing  under  the  Tentative  Specifications,  separate 
estimates  were  requested  under  the  Tentative  Specifications  using  1500-lb. 
concrete,  and  using  2000-lb.  concrete,  and  using  2500-lb.  concrete  for  all 
portions  of  the  skeleton,  unless  in  the  judgment  of  the  designer  by  so 
doing  the  columns  became  larger  than  is  allowed  by  good  practice.  To 
pi'operly  control  the  size  of  the  columns  it  was  provided  in  the  specifica- 
tion that  before  starting  to  estimate  the  skeleton  for  a  given  floor  loading 
the  engineer  was  requested  to  decide  upon  the  largest  column  that  would 
be  considered  to  comply  with  ordinary  good  practice  in  the  experience 
of  his  company,  and  he  was  then  requested  not  to  use  a  larger  column 
in  figuring  the  estimates  for  that  floor  load  under  the  Tentative  Specifica- 
tions or  under  the  New  York  Code. 

In  order  to  be  able  to  obtain  data  as  to  the  costs  of  the  various 
portions  of  the  building  a  tabular  form  was  prepared  and  furnished  to 
the  engineers  and  estimators,  so  that  when  the  estimates  were  given  to 
the  committee  they  showed  the  required  quantity  of  steel,  the  required 
quantity  of  concrete,  and  the  total  cost  for  each  of  the  following  portions 
of  the  skeleton : 

1 — Floors  and  Roof. 

2 — Exterior  wall  lintel  beams." 

3 — Exterior  columns  including  brackets. 

4 — Interior  columns  including  capitals. 

5 — Exterior  column  pedestals. 

6 — Exterior  footings. 

7 — Interior  footings. 

The  cost  of  the  forms  was  omitted  as  having  a  small  effect  on  the 
comparisons  we  wished  to  make. 

In  order  to  get  comparisons  with  different  floor  loadings  estimates 
of  the  cost  of  the  skeleton  were  made  for  both  flat-slab  and  beam-and- 
girder  construction,  using  live-loads  of  75  lb.,  150  lb.,  300  lb.,  and  600  lb. 
per  square  foot  of  floor. 

The  work  of  designing  and  estimating  was  divided  up  among  the 
companies    represented    on    the    committee 
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Barney-Ahlers  Construction  Co., 
Raymond  Concrete  Pile  Company, 
Thompson-Starrett  Co., 
White   Construction   Company, 
Turner  Construction  Company. 

Three  companies  figured  the  150-lb.  series  as  the  most  important,  the 
300-lb.  series  was  figured  by  one  company,  the  600-lb.  series  partly  by 
one  company  and  partly  by  two  companies,  and  the  75-lb.  series  by  two 
companies.  Altogether  fifty-six  estimates  of  the  building  were  made,  each 
divided  up  to  show  separately  the  cost  of  the  floors  and  roof,  interior 
columns,  etc.,  as  previously  described. 

When  the  estimates  were  received  considerable  variation  was  found 
in  the  results  on  footing  design,  due  in  large  measure  to  the  fact  that 
some  companies  design  sloping  footings  and  others  step  footings.  The 
cost  of  the  footings  is  however  only  about  10%  of  the  cost  of  the  skeleton 
so  that  any  variation  in  this  item  has  a  small  eff'ect  on  the  general 
results,  especially  as  each  company  woiild  presumably  follow  the  same 
method  in  making  its  design  for  both  the  New  York  Code  and  the  Ten- 
tative Specifications. 

The  estimates  when  received  were  tabulated  by  the  committee  and 
show  the  following  results.  In  each  case  the  percentage  in  the  following 
table  is  the  increase  in  cost  of  the  reinforced-concrete  skeleton  (exclusive 
of  the  forms)  when  designed  vmder  the  Tentative  Specifications  above  its 
cost  if  designed  under  the  New  York  City  Code,  unless  a  minus  sign  is 
prefixed  to  the  percentage : 

Flat -SI  ah 


Loading. 

Tentative  Specifications. 

New  York 

2500-lb. 

2000-lb: 

1500-lb. 

Code. 

75  1b 

150  lb 

15?i 

13 

13 

131^ 

9 

9?4 
8 
9 

5H 
9M 

11  - 
11 

0 
0 

300  lb  

0 

600  lb 

0 

Beam  d  Girder 


Loading. 

Tentative  Specifications. 

2500-lb. 

2000-lb. 

1500-lb. 

Code. 

75  1b , 

+5]i 
+434 
-t-4 
-IJ4 

-f3 

0 

-  U 

+3M 
-f4M 
+  1 
+4 

0 

150  lb 

0 

300  1b 

0 

600  1b -. 

0 
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Flat-Slah  Design. — It  will  be  noted  that  the  average  for  the  twelve 
cases  reported  under  flat  slab  is  10%%.  It  will  also  be  noted  that  for 
the  150-lb.  load,  which  is  the  loading  used  in  the  majority  of  concrete 
buildings,  that  the  increased  cost  dvie  to  the  use  of  the  Tentative  Specifica- 
tions with  the  most  economical  design  possible  under  these  specifications 
is  9%%. 

The  items  entering  into  this  increase  of  Q%%  are  shown  in  the  fol- 
lowing statement,  where  the  figures  given  show  the  effect  of  the  various 
items  listed  on  the  total  cost  of  the  skeleton  of  the  building  (omitting 
forms)  expressed  as  percentages  above  the  cost  of  the  skeleton  if  designed 
under  the  New  York  Code: 

Floors  and  Roof  Flat  Slab 

Per  Cent 

1 — Richer  mix  required 4.7 

2 — More  concrete  required    1.5 

3 — Less    steel    because    steel    figured    at    18,000    lb.    instead    of 

16,000  lb 2.7 

4 — More    steel    because    moments    are    increased    one-sixteenth 

above  New  York  Code   1.3 

Total  for  Floors  and  Roof _. '.  4.8 

Interior  Columns 
5 — Increased  cost  including  concrete  and  steel 3.4 

Exterior  Columns  and  Pedestals 

Per  Cent 

0 — Richer  mix  of  concrete  required    0.8 

7 — More  concrete  required 0.1 

8 — More  steel  required    0.2 

Total  for  Exterior  Columns  and  Pedestals _^    1.1 

Footings 
9 — Less  concrete  but  more  steel 0.5 

9.8 
The  princij^al  reasons  for  these  differences  are  as  follows: 

( 1 )  — A  new  measure  for  the  strength  of  concrete,  namely  the  strength 
of  cylinders  tested  wet  at  28  days  is  set  up  in  the  Tentative  Specifications. 
This  requires  the  use  of  richer  mixes  of  concrete  under  the  Tentative 
Specifications. 
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(2) — The  moment  coefficients  of  the  Joint  Committee  for  floor  slabs 
require  that  one-sixteenth  more  stress  be  provided  for  by  means  of  con- 
crete and  steel  than  is  required  by  the  moment  coefficients  of  the  New 
York  Code. 

(3) — The  design  of  the  interior  columns  is  entirely  changed.  Under 
the  Joint  Committee  Tentative  Specifications  no  value  'is  given  to  spiral 
reinforcement   in   figuring  the   carrying   capacity   of   the   column. 

(4) — The  cost  under  the  Tentative  Specifications  is  reduced  by  the 
fact  that  steel  is  figured  at  18,000  lb.  per  sq.  in.,  while  under  the  New 
York  Code  only  16,000  lb.  is  allowed.  If  the  New  York  Code  should  be 
changed  to  allow  18,000  lb.  then  the  increased  cost  under  the  Tentative 
Specifications  would  become  some  3%%  greater,  or  about  13%  instead  of 
9"/4%  when  considering  the  most  economical  design  for  the  usual  loading. 

Beam  and  Girder. — The  comparative  estimates  for  beam  and  girder 
construction  show  that  the  requirements  of  the  Tentative  Specifications 
will  increase  the  cost  of  the  skeleton  frame  for  such  a  building  about  3% 
if  the  average  is  takefi  for  the  twelve  conditions  figured.  For  the  more 
common  floor  loading  of  150  lb.  the  increase  by  the  use  of  the  most 
economical  design  under  the  Tentative  Specifications  is  about  4%%. 

It  is  very  disappointing  not  to  find  a  reduction  in  the  cost  of  beam 
and  girder  design  under  the  Tentative  Specifications,  because  it  has  been 
the  consensus  of  opinion  for  a  long  time  that  the  factor  of  safety  now 
present  in  our  beam-and-girder  construction  is  larger  than  required  by 
conservative  design. 

The  Tentative  Specifications  does  reduce  the  moment  coefficients,  in 
figuring  beams  and  girders,  etc.,  and  figures  steel  at  18,000  lb.  instead  of 
16,000  lb.,  but  the  saving  in  the  floor  construction  eff"ected  by  these  changes 
is  wiped  out  by  the  increased  cost  of  the  richer  mix  of  concrete  required 
by  the  new  standard  set  up  for  the  strength  of  concrete.  As  the  Tentative 
Specifications  effects  no  saving  in  the  floor  construction  the  increased  cost 
of  column  construction,  etc.,  results  in  the  4%%  increase  when  the  skeleton 
of  the  beam  and  girder  building  is  considered  as  a  whole. 

Other  Items  of  Increased  Cost. 

In  comparing  the  costs  due  to  differences  in  design  under  the  two 
codes,  no  allowance  was  made  to  cover  the  following  items  of  cost  that 
would  be  required  under  the  Tentative  Specifications  if  left  in  its  present 
form : 

Item  1. — In  our  comparative  estimates  we  assumed  that  quartz  gravel 
concrete  could  be  used  when  we  figured  under  the  Tentative  Specifications. 
If  paragraph  67  was  continued  in  force  this  would  be  impossible.  In  New 
York  the  substitution  of  other  aggregate  would  cost  about  47%  more 
figured   on   the   cost   of   the   skeleton   without   forms. 
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In  other  cities  and  in  New  York  when  the  Hudson  River  is  frozen  up 
the  increase  in  cost  would  sometimes  be  very  much  more  serious  because 
of  the  difficulty  in  obtaining  aggregate  other  than  quartz. 

Item  2. — The  cost  of  an  expansion  joint  was  not  figured  in  our  esti- 
mate, but  the  expansion  joint  would  be  definitely  required  under  the 
Tentative  Specifications  as  they  now  stand.  Such  a.  joint  would  cost 
about  3.1%  of  the  cost  of  the  skeleton  exclusive  of  forms,  not  allowing 
for  the  use  of  plates  on  the  exterior  columns  to  cover  the  joint  which 
would  be  used  in  many  cases  and  increase  the  cost  still  more. 

Item  3. — Dusted-on  finish  is  used  quite  frequently.  For  buildings 
with  monolithic  finish  the  Tentative  Specifications  would  prohibit  the 
dusted-on  method  and  increase  the  cost  for  these  buildings  about  2.4%  of 
the  cost  of  the  skeleton,  exclusive  of  forms. 

Item  J/. — No  allowance  was  made  in  our  estimates  under  the  Tentative 
Specifications  to  take  care  of  increasing  the  time  of  mixing  to  li/4  minutes, 
nor  for  the  additional  plant  required  in  certain  cases  if  such  a  require- 
ment was  adopted. 

Item  5. — No  allowance  Was  made  for  the  cost  of  attempting  to  control 
the  water  content  in  the  aggregate  in  order  to  keep  a  uniform  water- 
cement  ratio  in  the  concrete.  This  is  a  very  difficult  matter  and  might 
have  a  serious  effect  on  costs  through  the  expense  of  methods  used  to  try 
to  keep  the  moisture  content  of  the  aggregate  uniform,  or  failing  in  this 
attempt  the  extra  cost  of  having  to  use  a  mix  rich  enough  to  take  care 
of  the  wetter  batches  sometimes  mixed,  through  the  presence  of  more 
moisture  in  the  aggregate. 

Item  6. — If  spouting  systems  as  at  present  operated  were  not  allowSd, 
then  the  cost  of  all  buildings  where  it  is  now  possible  to  spout  to  advan- 
tage would  be  materially  increased  if  built  under  the  Tentative  Specifi- 
cations. 

Item  7. — No  allow.ance  has  been  made  for  the  additional  labor  because 
of  the  greater  difficulty  in  placing  a .  drier  mix,  or  for  conducting  the 
tests,  etc. 

If  the  Tentative  Specifications  is  adopted  as  at  present  written  the 
increases  due  to  Item  1 — A"o  Quartz,  and  Item  2 — Expansion  Joints,  will 
be  absolutely  required.  This  will  bring  the  increased  cost  of  the  skeleton 
for  150-lb.  flat-slab,  under  the  Tentative  Specifications,  up  to  the  following: 

Increased  cost  due  to  design    9.75 

Impossible  to  use  quartz 4.7 

Expansion  joint  required   3.1 

Tliese  three  allowances  add  up  to  17.5%,  to  which  will  have  to  be 
added  3%,  more  in  buildings  Vvhere  dusted  on  finish  is  now  used,  and  pro))- 
ablv  a  considerable  additional  allowance  to  take  care  of  Items  4  to  7. 
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For  the  beam-tind-girder  construction  the  omission  of  quartz  gravel 
and  the  necessity  of  using  expansion  joint  would  make  very  nearly  the 
same  increases,  bringing  the  cost  of  beam  and  girder  construction  figured 
on  the.  cost  of  the  skeleton  of  the  building,  without  forms,  up  to  the 
following : 

Increases  due  to  design 4.75 

Quartz  not  allowed   4.7 

Expansion  joint  required , 3.1 

These  total  12.5%  to  which  would  have  to  be  added  as  in  the  case  of 
flat    slab    a    considerable    additional    allowance    because    of    the    effect    of 

Items  3  to  7,  Time  of  mixing,  etc. 

As  pointed  out  before  if  the  New  York  Code  figured  steel  at  18,000  lb. 
the  difference  between  our  estimates  under  the  Tentative  Specifications 
and  under  the  New  York  Code  woiild  become  about  3i/o%  greater. 

If  the  percentages  showing  the  increased  costs  under  tlue  Tentative 
vSpecifications  were  figured  on  the  cost  of  the  skeleton  including  forms  then 
these  percentages  would  become  about  three-fourths  as  large  as  they  now 
show. 

Section  3— Quality. 

Ever  since  the  inception  of  reinforced-concrete  construction,  the  uni- 
\ersally  accepted  practice  has  been  to  fix  the  quality  of  a  concrete  by 
describing  the  quality  of  the  materials  to  be  used  and  the  proportions  in 
which  these  materials  were  to  be  mixed.  It  is  now  suggested  in  the  Tenta- 
tive Specifications  under  discussion  that  a  new  measure  be  set  up  for  the 
quality  of  concrete.  It  is  suggested  that  the  quality  of  concrete  be 
expressed  in  terms  of  workability  as  determined  by  the  slump  test  and  of 
the  compressive  strength  of  test  cylinders^  made  from  the  concrete  as  it  is 
placed  and  tested  wet  at  28  days. 

After  a  study  of  the  technical  literature  on  the  subject  and  after  try- 
ing out  the  suggested  new  method  in  actual  practice  we  are  forced  to  con- 
clude that  the  quality  of  concrete  cannot  be  properly  expressed  in  terms  of 
slump  tests  and  of  compression  tests  on  cylinders  at  28  days. 

Slump  tests  have  been  in  use  for  so  short  a  time  that  there  is  but  little 
published  data  on  the  subject.  Our  observations  lead  us  to  believe  that  the 
general  sentiment  of  those  experienced  in  the  testing  of  concrete  agrees  with 
the  results  our  members  have  obtained  in  trials  in  the  field  from  which  we 
have  drawn  the  conclusion  that  slump  tests  cannot  be  depended  upon  to 
indicate  water-cement  ratio  with  accuracy.  With  a  considerable  variation 
in  water  cement  ratio  when  using  the  same  aggregates  the  slump  tests  will 
sometimes  show  but  little  variation.  Occasionally  with  the  same  aggre-  , 
gates  the  wetter  mix  will  show  the  smaller  slump. 

We  do  believe  that  the  slump  test  is  of  great  practical  value  as  an 
approximate  check  on  water-cement  ratio,  and  that  it  can  be  used  to  ad\  an- 
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tage  in  helping  to  control  water-cement  ratio,  but  we  are  convinced  that 
the  slump  test  is  not  a  sufficiently  accurate  measure  so  that  from  the 
results  obtained  by  its  use  it  will  be  possible  to  form  any  accurate  judg- 
ment as  to  the  strength  that  will  be  attained  by  cylinders  made  from  the 
concrete. 

This  is  unfortunate  because  owing  to  the  variation  of  the  water  con- 
tained in  the  aggregate  the  water-cement  ratio  of  the  concrete  may  vary 
considerably  even  though  exactly  the  same  amount  of  water  is  put  in  each 
batch.  Tests  made  by  members  of  the  committee  showed  the  water  content 
of  65  cu.  yd.  of  mixed  aggregate  stored  in  a  bin  to  vary  from  3.4%  at  the 
top  to  7.6%  at  the  bottom  on  the  day  after  a  rain.  Tests  on  25  cu.  yd.  of 
sand  in  a  bin  showed  the  water  content  four  hours  after  wetting  down  to 
be  5.7%  at  the  top  and  14.7%  at  the  bottom,  while  gravel  under  the  same 
conditions  showed  2.3%  at  the  top  and  3.0%  at  the  bottom.  Variations  of 
2%  in  the  water  content  of  aggregate  are  very  common  and  cannot  be 
noticed  by  the  eye.  On  reinforced-concrete  building  work  a  2%  variation 
in  the  moisture  content  of  the  aggregate  would  increase  the  water  cement 
ration  of  a  batch  sufficiently  to  reduce  the  strength  of  the  concrete  test 
cylinders  500  lb.  per  sq.  in. 

We  have  been  unable  to  devise  any  practicable  way  to  overcome  this 
difficulty  on  construction  work.  Wetting  down  the  material  piles  does 
not  solve  the  difficulty.  If  slump  tests  were  accurate  they  could  be  depended 
upon  to  always  indicate  the  change  in  the  water  cement  ratio  due  to  this 
variation  in  the  moisture  content  of  the  aggregate,  though  unfortunately 
they  would  not  furnish  this  information  until  after  the  concrete  had  been 
delivered  from  the  mixer. 

Fortvmately  the  efi'ect  of  a  variation  in  the  water-cement  ratio  is 
probably  not  nearly  so  large  on  the  concrete  in  the  structure  as  it  is  on  the 
cylinders  made  for  testing.  The  cylinders  made  for  testing  are  made  from 
the  concrete  as  it  is  placed  and  contain  all  the  water  that  was  in  the  batch, 
while  much  water  as  we  know  drains  out  of  concrete  as  it  is  spaded  into 
the  forms. 

There  are  two  lines  of  thought  which  will  indicate  the  undesirability 
of  attempting  to  change  from  the  present  method  of  specifying  concrete  by 
proportions  to  the  method  of  specifying  a  guaranteed  strength  of  cylinders 
at  28  days. 

First. — The  results  obtained  in  testing  cylinders  at  28  days  are  known 
to  be  seriously  influenced  by  seemingly  trivial  details  in  the  making, 
storage  and  testing  of  the  cylinders.  Even  if  the  rules  for  the  making  of 
cylinders  are  carefully  followed  the  personal  equation  of  the  man  making 
them  seems  to  have  its  effect. 

Mr.  Greene,  in  a  paper  published  in  1919  Transactions  of  the  American 

'  Society  for  Testing  'Materials,  has  pointed  out  the  marked  efTect  on  strength 

resulting  from  allowing  the  cylinders  to  dry  out  at  diflferent  periods  during 

storage.     His  conclusions  as  a  result  of  two  separate  series  of  tests  are 

as  follows :  ' 
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1 — Concrete  test  specimens  broken  in  28  clays  wliich  are  allowed  to  dry 
out  for  27  days  after  being  kept  moist  for  1  day  have  a  compressive 
strength  as  small  as  40%  of  that  of  specimens  kept  moist  for  the  total 
28  days. 

2 — Concrete  test  si^ecimens  broken  in  28  days  which  are  allowed  to  dry 
out  for  3  days  after  being  kept  moist  for  25  days  are  often  more  than  40% 
stronger  than  specimens  kept  moist  for  the  total  28  days. 

3 — The  greatest  variation  between  specimens  cured  properly  and 
improperly  is  often  over   100%. 

The  variations  in  strength  noted  by  Mr.  Greene  refer  only  to  varia- 
tions due  to  differences  in  the'  amount  of  moisture  in  the  air  of  the  storage 
closet.  Test  cylinders  are  known  to  be  very  susceptible  to  changes  in  tem- 
perature. A  low  temperature  even  if  considerably  above  freezing  has  a 
marked  effect  on  checking  the  normal  increase  in  strength. 

If  the  results  of  the  tests  are  not  to  be  inaccurate  the  ends  of  the 
cylinders  must  be  absolutely  plane  surfaces.  It  would  be  very  difficult  to 
get  cylinders  made  on  the  average  job  to  meet  this  requirement  so  that  fre- 
quently it  would  be  necessary  to  bed  the  ends  in  plaster  of  paris.  If  the 
testing  laboratory  does  not  allow  the  plaster  of  paris  to  harden  sufficiently 
or  is  careless  in  any  of  the  other  details  connected  with  storage  and  testing 
the  test-  on  the  cylinder  will  naturally  be  misleading. 

A  study  made  by  comparing  the  results  obtained  at  the  leading  labora- 
tories of  the  country,  as  published  in  the  transactions  of  our  engineering 
societies,  will  show  a  frequent  lack  of  uniformity  in  tests  of  cylinders. 

If  concrete  should  be  specified  by  strength  of  cylinders  at  28  days  it 
would  be  necessary  on  the  average  building  job  to  make  the  cylinders  on 
the  job  and  then  in  many  cases  it  would  be  necessary  to  ship  them  long 
distances  by  express  for  testing.  Considering  the  influence  on  strength  of 
the  personal  equation  of  the  inexperienced  men  who  would  make  the 
cylinders  on  the  job  and  the  uncertainties  of  temperature  and  dryness  in 
storage  to  which  the  cylinders  would  be  subjected  at  the  job  and  while  in 
transit,  especially  during  the  winter  months,  it  is  impossible  to  avoid  the 
conclusion  that  frequently  the  test  results  obtained  would  be  absolutely 
misleading.  This  conclusion  as  stated  above  is  strengthened  by  an  examina- 
tion of  the  data  published  by  expert  investigators  of  tests  made  under  the 
best  conditions  for  securing  accuracy.  Tests  which  have  come  to  the  atten- 
tion of  the  speaker  on  work  with  wliich  he  has  been  connected  have  con- 
vinced him  of  the  uncertainties  of  the  results  obtained  when  based  on  the 
small  number  of  cylinders  that  it  would  be  practicable  to  make  during 
the  pouring  of  a  floor  in  a  building. 

A  hasty  consideration  of  the  problem  might  lead  to  the  conclusion 
that  the  difficulty  due  to  the  uncertainties  of  cylinder  tests  could  be  over- 
come by  providing  that  only  a  certain  percentage  of  the  numbers  of  tests 
made  would  be  required  to  come  up  to  the  specified  strength.  A  little 
thought  will  show  that  under  such'a  siJecification  the  contractor  would  be 
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required  to  occupy  the  position  of  a  gambler  as  for  any  small  number  of 
tests  the  uncertainties  in  the  testing  of  cylinders  might  lead  to  good  results 
or  poor  results  though  made  on  concrete  of  equal  quality. 

Second. — Even  if  the  results  obtained  on  compression  tests  of  cylinders 
at  28  days  were  not  of  uncertain  reliability  it  would  still  be  illogical  to 
establish  the  strength  of  cylinders  at  28  days  as  the  sole  criterion  of  the 
quality  of  the  concrete. 

It  must  be  kept  in  mind  that  when  concrete  is  specified  by  proportions 
the  engineer  writing  the  specification  can  have  in  his  mind  not  only  the 
strength  of  the  concrete  cylinders  at  28  days  but  also  the  strength  the  con- 
crete will  have  at  later  periods  in  the  structure. 

No  comparative  tests  are  available  to. the  speaker's  knowledge  on 
specimens  cut  from  buildings  but  those  tests  that  have  been  made  by  the 
New  York  subway  show  the  concrete  cut  from  the  structure  to  be  2.5% 
stronger  than  cylinders  made  from  the  concrete  at  the  time  it  was  placed 
and  dried  out  two  days  before  testing.  If  the  cylinders  had  been  tested 
wet  by  the  New  York  subM^ay  the  difference  in  strength  would  be  still 
greater.  It  is  entirely  logical  to  suppose  that  excess  of  water  will  drain 
out  of  concrete  after  it  has  been  placed  in  the  forms  and  it  is  a  fact  that 
if  the  water  does  drain  out  before  the  concrete  starts  to  set,  then  the  excess 
water  that  has  drained  out  has  no  injurious  effect  on  the  strength  of  the 
concrete. 

A  cement  that  gives  comparatively  low  results  at  28  days  may  give 
very  satisfactory  res\ilts  at  the  later  and  more  important  periods.  W.  M. 
Kinney,  in  a  paper  on  aggregates  for  concrete,  American  Concrete  Institute, 
1912,  gives  a  series  of  experiments  on  five  different  brands  of  cement.  The 
brand  of  cement  which  was  weakest  of  the  five  at  28  days  was  the  strongest 
of  the  five  at  six  months,  with  a  difference  of  about  21%. 

Tests  made  by  two  members  of  the  committee,  one  on  nine  brands  of 
cement,  and  the  other  on  seven  brands  of  cement,  all  of  which  satisfactorily 
passed  the  tests  for  cement,  confirm  the  fact  that  certain  brands  very 
largely  used  with  entire  success  for  the  past  twenty  years  will  not  give 
nearly  as  high  results  at  28  days  as  certain  other  brands  of  cement. 

Should  a  specification  be  adopted  which  makes  the  guaranteed  strengtli 
of  cylinders  at  28  days  the  sole  measure  of  the  quality  of  concrete,  the 
inevitable  result  will  be  that  contractors  will  give  preference  to  those 
brands  of  cement  that  give  the  greatest  strength  at  28  days,  as  with  such 
cements  they  can  obtain  a  specified  strength  with  less  cement  and,  there- 
fore, more  cheaply.  This  will  work  a  great  injustice  to  brands  of  cement 
which  are  somewhat  slower  in  picking  up  strength  but  as  shown  by  Mr. 
Kinney's  tests  do  at  later  periods  sometimes  actually  exceed  the  quick 
hardening  brands  in  strength. 

Sectio)!   -T — Tests  of  Field  Specimens. 

The  method  to  bo  used  in  makiii<;,  storing  and  lesliiig  the  cylinders  is 
gi\eii   )»y  reference  to  the   standards  of  the  American   Society  for  Testing 
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Materials.  These  standards  require  that  the  test  cylinder  he  put  in  the 
machine  as  soon  as  it  is  removed  from  the  wet  sand,  which  is  not  in  accord- 
ance with  the  common  engineering  practice  in  testing  concrete,  from  which 
engineers  have  formed  tlieir  opinions  of  the  strength  of  concrete.  The  New 
York  subway  engineers  dry  test  pieces  two  days  before  testing.  K.  W.  Hunt 
&  Co.  also  allow  test  cylinders  to  dry  out  before  putting  them  in  the 
machine. 

It  has  already  been  23ointed  out  as  stated. by  Mr.  Greene  (and  con- 
firmed by  two  tests  on  work  in  New  York)  that  if  the  cylinders  were  dried 
three  days  before  testing  the  strength  of  the  concrete  as  shown  by  the  test 
would  often  be  increased  more  than  40%,  and  on  an  average  about  30%. 
In  laboratory  investigations  it  may  be  desirable  to  test  the  cylinders  as 
soon  as  removed  from  the  damp  sand  in  order  to  eliminate  uncertainties 
as  to  the  extent  of  the  drying,  due  to^  variations  in  the  air  to  which  the 
cylinders  would  be  exposed  for  the  three  day  period. 

While  from  the  standpoint  of  the  expert  who  is  conducting  elaborate 
comparative  investigations  the  testing  of  the  cylinders  when  wet  may  be 
desirable,  it  must  be  remembered  that  in  this  engineering  specification  as 
now  written  the  strength  of  the  wet  cylinder  becomes  the  basis  of  deter- 
mining the  unit  stresses  to  be  allowed  in  design,  and  therefore  unless  the 
cost  of  work  is  to  be  very  materially  increased  it  will  be  necessary  to 
provide  that  the  strength  of  the  concrete  is  to  be  judged  by  tests  on 
cylinders  that  have  been  dried  three  days  before  testing. 

The  measure  for  the  strength  of  concrete  has  been  made  more  and 
more  restrictive.  Twenty  years  .ago  ideas  as  to  the  strength  of  concrete 
were  based  on  tests  made  on  cubes.  The  next  step  was  to  change  to  tests 
on  cylinders  which  in  engineering  practice  were  tested  dry  and  gave 
strengths  about  75%  as  large  as  had  been  obtained  on  the  cube.  This 
change  in  the  form  of  test  piece  was  not  made  because  of  any  difficulty 
experienced  with  buildings  in  which  concrete  had  been  passed  as  2000  Ib.^ 
concrete  by  the  tests  on  cubes.  The  change  to  the  cylindrical  form  of  test 
was  made  because  in  laboratory  investigations  it  was  found  to  give  more 
consistent  resvilts  than  could  be  obtained  with  cubes.  It  is  now  proposed 
to  specify  that  strength  shall  be  measured  by  tests  on  wet  cylinders  which 
will  mean  a  further  reduction  in  indicated  strength  of  some  25%.  The 
suggestion  to  make  this  change  is  not  because  of  any  experience  with  con- 
crete buildings  which  would  make  it  necessary  to  require  a  richer  mix  of 
concrete,  but  simply  to  secure  a  more  unifor.m  method  of  testing. 

When  the  amount  of  building  that  has  been  done  with  entire  success 
with  1:2:4  concrete  figured  at  2000  lb.  is  considered,  and  it  is  further 
noted  that  through  the  more  careful  control  of  water  ratio  concrete  placed 
in  the  future  should  be  even  better  concrete  than  the  concrete  placed  in  the 
past,  it  is  difficult  to  understand  why  a  specification  should  be  proposed 
which  would  make  it  necessary  to  use  a  mix  of  about  1:2:3  to  obtain 
2000  lb.  concrete,  imless  it  is  the  intention  to  increase  the  allowable  work- 
ing  stresses   in    a   proportionate   amount.     As   will   be   shown   later,   com- 


350  Discussion  of  Report  of  Joint  Committee. 

parative  estimates  show  that  the  allowable  working  stresses  and  assump- 
tions made  in  design  have  not  bee^i  changed  to  compensate  for  the  proposed 
new  measure  adopted  for  the  strength  of  concrete  and,  therefore,  as  the 
specification  stands  its  adoption  would  lead  to  an  unwarranted  increase  in 
the  cost  of  buildings. 

Section  27 — Method  of  Measuring. 

We  recommend  that  the  specification  provide  for  measurement  by 
volume  without  reference  to  measurement  by  weight.  Apparatus  prac- 
ticable for  measurement  by  weight  is  not  readily  available  on  the  usual 
run  of  work.  Departures  froni  accepted  practice  should  not  be  included  as 
alternates  in  a  standard  specification  intended  for  general  use.  Where 
alternates  are  allowed  there  is  sometimes  a  tendency  on  the  part  of  those 
not  having  a  thorough  knowledge  of  the  industry  to  vise  the  alternate  which 
seems  to  provide  the  most  scientific  and  exact  determination  without  appre- 
ciating the  difiiculty  or  extra  cost  involved. 

Section   28 — Proportions. 

Alternate  1  attempts  to  specify  both  the  proportions  in  which  the  con- 
crete shall  be  mixed  and  also  the  strength  the  concrete  is  to  have.  It  is 
impossible  to  specify  both  of  these  conditions  without  first  so  modifying 
the  working  of  this  alternate  as  to  make  it  equivalent  to  the  provisions 
now  contained  in  Alternate  2. 

Alternate  2  requires  the  contractor  to  fix  the  proportions  and  to  guar- 
antee that  the  concrete  will  have  a  certain  strength  when  tested  in  wet 
cylinders  at  28  days.  It  must  be  kept  constantly  in  mind  that  while  this 
is  only  one  alternative  method  of  specifying  proportions,  still  if  it  is  left 
in  as  an  alternate  probably  many  architects  and  engineers  will  select 
Alternate  2  as  the  basis  of  their  specifications  without  appreciating  the 
difficulties  involved  by  such  a  selection.  Among  these  difficulties  are  the 
following : 

It  will  be  impossible  for  a  contractor  to  accurately  estimate  work  in 
a  new  location  because  he  will  not  know  in  what  proportions  his  concrete 
will  have  to  be  mixed. 

When  the  work  is  in  progress,  the  tests  of  the  concrete  put  into  a  floor 
may  fail  to  come  up  to  the  specified  standard.  In  this  case,  the  building 
department  may  refuse  to  post  the  floor  for  the  live-loads  for  which  it  was 
designed.  The  contractor  will  claim  that  the  concrete  he  put  into  the 
building  was  perfectly  good  and  that  the  fault  lies  with  the  making  and 
testing  of  the  cylinders  by  the  engineers.  Those  who  have  studied  the 
results  obtained  in  tests  on  cylinders,  know  the  uncertainties  of  such  tests 
when  made  in  limited  number. 

It  may  be  taken  as  a  general  principle  that  any  proper  specification 
will  be  so  drawn  as  to  permit  the  engineer  to  inspect  the  structural  parts 
of  a  building  as  they  are  put  in  place  so  that  he  may  know  at  the  time 
the  work  is  done  that  it  will  be  acceptable.    The  interests  of  the  owner,  of 
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the  contractor  and  of  tlie  engineer  all  require  that  this  condition  be  insisted 
on.  Under  Alternate  2  the  engineer  would  not  know  whether  a  floor  was 
acceptable  until  a  month  after,  it  had  been  put  in  place,  or  until  three  'or 
four  more  stories  had  been  superimposed  on  the  floor  in  question.  Under 
such  a  condition  the  engineer  who  was  compelled  to  inform  an  owner  that 
the  floor  was  rejected  and  then  explain  that  his  specification  did  not  enable 
him  to  know  whether  work  was  good  or  bad  until  a  month  after  it  was  put 
in  place,  would  occupy  an  intolerable  position.  A  specification  which  does 
not  permit  the  contractor  to  inspect  his  material  in  advance  of  its  use  and 
then  know  he  is  complying  with  the  specification  when  he  places  that 
material  in  the  manner  required  by  the  specification,  also  creates  an 
intolerable  condition  for  the  contractor,  as  it  subjects  him  to  the  danger 
of  unjust  exactions. 

Instead  of  operating  to  the  advantage  of  the  honest  contractor  and  to 
the  disadvantage  of  the  dishonest  contractor.  Alternate  2  would  seriously 
hamper  the  honest  and  conservative  contractor  while  assisting  the  un- 
scrupuloiis  or  careless  contractor  in  obtaining  work  in  competition. 

Everything  that  it  is  reasonable  to  wish  to  obtain  by  the  use  of  Alter- 
nate 2  can  be  secured  by  the  use  of  Alternate  3  when  modified  to  provide 
that  the  engineer  shall  change  the  proportions  when  he  considers  it  desir- 
able to  do  so,  with  adjustment  of  the  contract  price  to  be  made  if  the  cost 
of  the  work  is  increased  or  decreased  by  such  change.  The  reference  to 
Table  IV  should  be  eliminated  from  a  specification. 

Section  31 — Time  of  Mixing. 

Eecent  tests  seem  to  show  that  the  gain  in  strength  due  to  mixing  one 
and  one-half  minutes,  instead  of  tlu'ee-quarters  of  one  minute  is  probably 
about  5%.  Such  a  small  gain  in  strength  does  not  warrant  continuing  the 
mixing  beyond  the  three-quarter  minvite  period  in  cases  where  the  mixing 
water  is  introduced  promptly.  While  a  fraction  of  a  minute  seems  a  small 
matter,  a  slight  change  in  the  time  of  mixing  will  frequently  have  an 
important  effect  on  the  amount  of  plant  required.  The  one  yard  mixers 
now  used  by  contractors  on  large  buildings  are  about  as  large  as  can  be 
placed  in  basements  and,  therefore,  if  the  time  of  mixing  is  extended  it 
will  frequently  mean  placing  less  concrete  per  day  in  cases  where  mono- 
lithic finish  is  used,  or  installing  a  second  mixer. 

Section  40 — Protection. 

This  section  should  be  changed  to  provide  that  the  concrete  shall  be 
kept  thoroughly  wetted  when  practicable.  It  would  be  very  difficult  to 
keep  certain  portions  of  the  concrete  in  a  building  wet.  As  yet  we  havp 
no  experiments  on  the  strength  of  concrete  cut  from  buildings  to  show 
that  the  concrete  in  the  columns,  etc.,  does  not  gain  strength  in  a  satis- 
factory manner  under  the  conditions  that  exist  in  a  building  during  con- 
struction. Nothing  should  be  done  in  this  specification  to  increase  the 
cost  of  a  building  without  first  having  proof  that  the  increased  cost  is 
made  necessary  by  an  actual  requirement  to  obtain  good  work. 
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Beef/ion  Ifl—Cold  Weatlie%. 

,  We  recommend  that  this  section  which  broadly  prevents  the  addition 
of  salt  or  other  chemicals  to  prevent  freezing,  be  modified  so  as  not  to  shut 
the  door  on  the  developments  which  indicate  that  for  certain  work  where 
electrolytic  action  is  not  to  be  feared  such  chemicals  as  properly  prepared 
calcium  chloride  prevent  freezing  cheaply  and  without  damage  to  the  work. 

Section  67 — Fire  Protection. 

We  believe  this  section  as  vi^ritten  will  prevent  the  further  use  of 
quartz  gravel  concrete,  because  of  increased  cost  due  to  the  requirement 
that  where  quartz  is  used  the  fireproofing  must  be  increased  one  inch  and 
a  metal  mesh  must  be  placed  one  inch  from  the  outside  surface.  As  drawn 
this  section  seems  to  apply  to  all  parts  of  a  building,  without  recognizing 
the  fact  that  columns  may  require  a  different  treatment  from  that  given 
slabs  and  walls.  We  doubt  if  this  restrictive  condition  is  necessary  except 
for  spiral  columns  in  buildings  where  the  fire  hazard  is  unusually  severe, 
and  in  that  case  it  is  possible  that  study  might  show  a  more  economical 
method  of  overcoming  the  difficulty.  The  increased  cost  occasioned  by  this 
section,  applying  as  it  will  to  all  buildings  erected  in  cities  where  quartz 
gravel  is  the  cheapest  available  aggregate,  must  be  compared  with  the 
greater  fire  loss  that  will  occur  in  the  comparatively  small  number  of 
such  buildings  that  will  be  subjected  to  lire. 

It  is  also  necessary  to  keep  in  mind  that  the  man  who  builds  will  use 
what  he  thinks  is  the  cheapest  construction  suitable  for  his  purpose,  and 
therefore  if  the  use  of  concrete  is  made  too  expensive,  many  owners  will 
turn  to  the  use  of  timber  construction  or  some  form  of  semi-fireproof  con- 
struction. It  may  be,  therefore,  that  the  practical  prohibition  of  quartz 
gravel  concrete  will  lead  to  an  increase  in  the  use  of  less  desirable  forms 
of   construction. 

Before  penalizing  quartz  concrete  so  severely,  a  most  careful  study 
should  be  made  of  the  results  obtained  with  quartz  concrete  for  columns 
and  for  flat  surfaces  as  compared  with  other  forms  of  fireproofing  that  are 
now  in  use. 

Section  75^Expansion  Joints  in  Long  Buildings. 

A  properly  constructed  expansion  joint  is  expensive  to  construct  and 
is  also  undesirable  from  an  operating  standpoint.  The  speaker  believes 
that  buildings  .300  ft.  long  or  longer  can  be  built  without  expansion  joints 
and  without  danger  of  injury  unless  the  section  of  the  building  at  some 
point  near  its  middle  is  very  much  reduced  by  openings.  The  spacing  of 
expansion  joints  depends  so  much  upon  the  details  of  design  that  it  seems 
undesirable  to  put  an  arbitrary  limit  in  a  standard  sjsecification. 

Section  79 — Integral  Compoionds. 

We  recommend  that  tliis  section  be  modified  to  permit  the  use  of 
integral   waterproofing  compounds   under  proper   restrictions. 
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Section  80 — Membrane  Waterproofing. 

We  believe  that  hydrolithic  waterproofing  can  frequently  be  used  to 
excellent  advantage  and  therefore  we  recommend  that  a  section  be  intro- 
duced allowing  the  use  of  hydrolithic  waterproofing  under  proper 
restrictions. 

Section  9Jf — One-Course  Work. 

•Many  excellent  floors  have  been  constructed  by  sprinkling  a  mixture 
of  dry  sand  and  cement  on  the  surface  of  the  concrete.  Some  of  the  largest 
manufacturing  companies  of  the  country  now  specify  this  method  for 
buildings  erected  for  their  own  use.  We  feel  that  this  method  should  not 
be  prohibited,   as  might  be  inferred  from   a  reading  of  Section  93. 

Section  95 — Tico-Course  Work. 

We  feel  that  to  require  the  placing  of  a  monolithic  wearing  course 
within  one-half  hour  after  the  placing  of  the  base  course  is  unreasonable. 
We  recommend  that  this  section  be  reworded  so  that  the  time  that  may 
'elapse  is  made  dependent  on  the  temperature,  humidity,  setting  time  of 
the  cement,  etc.  This  might  be  done  bj'  specifying  the  condition  of  hard- 
ness the  base  course  can  have  at  the  time  of  spreading  the  wearing  surface. 
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Mr.  Humphrey. 


Mr.  Dixon. 


A  Member. 
Mr.  Dixon. 


Mr.  Humphrey. 
Mr.  Dixon. 
Mr.  Humphrey. 

Mr.  Dixon. 


Mr.  Humphrey. 


Mr.  Dixon. 


Richard  L.  Humphrey. — Mr.  Dixon  has  given  us  a  very  detailed 
criticism  of  the  recommendations  of  the  Joint  Committee.  I  would  like 
to  ask  him  what  he  would  propose  to  substitute  in  lieu  of  what  they 
recommended.  Is  it  his  idea  that  the  proportions  of  concrete  shall  be 
determined  in  advance  and  then  the  concrete  put  in  with  varying  degrees 
of  water,  varying  from  stiff  to  a  very  sloppy  consistency,  or  what  would 
he  provide  in  the  specifications? 

DeF.  H.  Dixon. — We  feel  that  the  specification  of  concrete  should  be 
by  proportions.  The  engineer  should  specify  that  the  concrete  for  the 
building  is  to  be  1:2:4  or  1:  2%:  5  or  1 :  1%:  3,  or  anything  that  he 
feels  is  proper. 

A  Member. — Regardless  of  consistency? 

Me.  Dixon. — No.  It  should  be  provided  that  during  the  construction 
of  the  work  slump  tests  should  be  taken.  If  the  slump  tests  show  too 
much  slump,  that  is  brought  home  to  the  contractor  right  away,  and  he 
is  told  that  he  must  get  a  slump  that  is  not  so  great.  I  am  sorry  that 
I  have  to  take  so  much  time  in  what  is  criticism  without  having  time 
to  dwell  on  the  advantages  of  what  has  been  found  out,  if  it  is  only 
used'  in  an  educational  way  to  educate  engineers  and  contractors,  instead 
of  being  written  into  a  specification  which  will  penalize  contractors  so 
heavily. 

Mr.  Humphrey. — As  I  understand,  you  would  put  the  responsibility 
for  the  quality  of  concrete  on  the  engineer  who  represents  the  owner? 

Mr.  Dixon. — That  is  correct.  He  is  supposed  to  .specify  the  way 
that  building  is  to  be  built  and  to  inspect  it  and  see  that  it  is  done  right. 

Mr.  Humphrey. — And  yet  the  quality  of  that  concrete  in  a  very 
great  measure  depends  entirely  on  the  manipulation,  which  is  wholly 
under  the  control  of  the  contractor. 

Mr.  Dixon. — That  is  all  right,  but  there  are  ways  of  judging  the 
strength  of  that  concrete  while  it  is  going  in  as  accurately  as  it  can  be 
judged.  The  engineer  has  any  way  that  is  open  to  the  contractor  to 
judge  the  strength  of  that  concrete.  It  is  open -to  the  engineer  or  his 
inspector  just  as  he  inspects  anything  else.  He  should  have  the  results 
of  slump  tests,  and  if  they  are  not  right,  the  engineer  can  stop  the  work 
just  the  same  as  he  can  stop  the  work  if  the  contractor  does  not  do  any- 
thing else  that  is  right. 

Me.  Humphrey. — Has  your  New  York  Committee  framed  any  para- 
graph as  a  substitute  for  Section  28?  As  I  understand  your  criticism, 
none  of  the  alternates  are  acceptable. 

Me.  Dixon. — We  said  that  alternate  3  was  all  right,  modified  so  that 
the  engineer  specifies  the  proportions  and  is  at  liberty  to  change  those 
proportions  if  the  modification  requires  it. 

(354) 
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W.  A.  Slatek. — There  are  three  proposed  alternate  methods  of  Mr.  Slater, 
specifying  concrete  in  the  tentative  specifications.  One  of  them  proposes 
specification  of  strength  alone;  one  of  them  after  having  predetermined 
the  strength  of  the  concrete  specifies  the  proportions  to  be  used,  based 
upon  the  proportions  and  materials  used  in  those  tests;  the  third  is  the 
method  which  is  now  generally  in  use,  that  of  merely  specifying  propor- 
tions and  applies  only  to  cases  where  no  preliminary  tests  have  been 
made.  As  I  have  understood  the  discussion  given  here,  the  desire  is  to 
throw  out  the  first  two  provisions  and  practically  leave  the  specifications 
for,  and  proportioning  of,  concrete  just  as  they  are  generally  made  and 
carried  out  at  the  present  time. 

There  can  be  no  question  that  some  improvement  is  needed  in  our 
method  of  specifying  and  mixing  concrete,  and  the  first  two  alternatives 
proposed  are  for  the  purpose  of  securing  that  improvement.  The  argu- 
ment against  those  two  specifications  has  been  mainly  that  concrete 
varies  in  strength,  that  we  cannot  get  the  strength  that  we  specify,  and 
that,  therefore,  merely  to  specify  proportions  should  be  specified  and  the 
fact  covered  up  that  the  specified  strength  is  not  obtained. 

I  do  not  believe  that  those  who  have  discussed  it  intend  to  put  it 
in  that  light;  I  do  not  believe  that  it  is  their  intention  to  slight  the 
work,  and  I  want  to  ask  if  this  would  be  acceptable  as  a  proposed  addi- 
tion to  the  specifications,  in  order  to  make  either  of  the  first  tWo  alter- 
natives acceptable ;  suppose  that  as  the  final  settlement  as  to  whether 
the  job  is  acceptable,  a  test  of  the  structure  could  be  devised  that  would 
settle  the  question  of  whether  it  should  be  accepted  or  not.  Suppose 
that  the  alternative  under  which  the  strength  of  the  concrete  is  specified 
is  used  on  the  work  and  when  the  control  specimens  of  concrete  are  tested 
the  strength  falls  down,  as  a  final  criterion  as  to  whether  the  work  is 
acceptable,  would  not  the  actual  test  of  the  structure  be  acceptable?  It 
would  not  be  desired  to  test  every  building,  but  in  case  the  concrete  did 
not  develop  the  strength  intended  and  it  became  necessary  then  to  show 
that  the  work  was  satisfactory,  to  shosv  it  by  making  a  test  on  a  repre- 
sented portion.  If  the  structure  is  a  fioor  it  is  not  difficult  to  see  how 
it  could  be  tested;  if  it  was  &  retaining  wall,  it  would  be  rather  difficult 
to  test  it;  but  if  such  a  test  could  be  devised,  would  that  permit  the  use 
of  the  alternative  aimed  to  improve  our  methods  of  working  and  at  the 
same  time  take  care  of  the  difficulties  inherent  in  them? 

Me.  Dixon. — I  do  not  see  the  necessity  of  making  a  test  on  every  Mr.  Dixon, 
building  built;    it  does  not  seem  necessary. 

Mr.    Slater. — The  purpose   would  not  be   to  make   a  test   on   every  Mr.  Slater.^ 
building  that   is  built,   but   in   case  the  contractor  had   not   produced   a 
concrete  of  the  strength  guaranteed  and  it  became  necessary  then  to  show 
that  the  work  was  satisfactory,  to  show  it  by  making  this  test. 

Mr.  Dixon. — That  would  be  unfair  to  the  contractor  in  this  way,  that  Mr.  Dixon. 
these  tests  are  so  misleading  that  very  many  times  he  would  be  required 
to  make  this  test  when  it  would  not  be  necessary  at  all.     I  have  so  little 
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Mr.  Dixon.  confidence  in  any  small  number  of  cylinder  tests,  that  I  feel  that  many 
times  there  would  be  an  unjust  suspicion  against  the  contractor,  that 
his  work  was  not  right  according  to  the  specification.  The  engineer 
would  say  "These  tests  have  not  come  up  to  what  is  required;  we  have 
got  to  make  a  test  now  and  see  if  the  building  is  all  right."  The  owner 
would  feel  that  the  contractor  had  slighted  his  work,  when  there  would 
not  be  any  justification  for  that  feeling  at  all. 

Mr  Hiunnhrev  ^^^'    HUMPHREY. — If    I    gather    your    thought    correctly,    you    have    a 

belief  that  wet  cylinders  test  a  great  deal  lower  than  the  same  cylinders 
after  they  dry  out.  You  also  believe  that  if  the  concrete  that  goes  into 
the  structure  is  to  be  tested  by  cutting  out  a  specimen  of  the  concrete 
tliat  goes  into  the  structure,  you  would  get  a  higher  test  than  from  the 
cylinder;  you  feel  that  if  the  proportions  are  specified  in  advance  as 
provided  in  alternate  3,  that  would  be  sufficient  if  tests  were  made  to  get 
the  necessary  quality  of  concrete  that  should  go  into  the  structure. 

Mr.  Dixon.  ^K-  DixON.- — Building  work  is  not  at  all  as  it  is  in  large  dams  and 

work  of  that  kind.  In  building  work  we  have  to  start  with  about  one 
inch  maximum  size  aggregate,  and  the  chances  you  have  for  grading  from 
one  inch  down  are  very  much  less  than  they  are  in  the  case  where  you 
are  building  a  large  dam  and  start  with  2^^  or  3-in.  aggregate.  With 
3-in.  aggregate  you  can  effect  considerable  economy  by  grading,  but  when 
you  start  with  I -in.  maximum  aggregate,  in  order  to  work  grading  for 
economy,  you  have  to  go  way  down  to  the  very  fine  stuff,  stuff  that  you 
cannot  screen  wet  to  get  the  full  advantage  of  grading.  You  can  do  it 
in  the  laboratory,  but  you  cannot  do  it  in  a  sand  and  gravel  plant  or  on 
a  job,  and  the  sand  and  gravel  plants  also  are  not  equipped  to  do  it. 
So  you  do  not  have  a  chance  on  a  reinforced-concrete  building,  to  make 
the  economies  through  the  grading.  I  have  much  more  confidence  in 
fixing  proportions  to  use  in  building  on  proportions  than  on  any  tests 
you  could  make. 

Mr  Humohrev  ^^'    HUMPHREY. — If    I    understand    your    proposal,    if    you    write    in 

alternate  3  as  you  propose,  you  "iiave  not  made  any  step  forward  in 
improving  the  quality  of  concrete,  you  have  simply  put  in  specification 
form  current  practice  which  is  not  giving  us  the  quality  of  concrete  we 
should  have. 

Mr.  Dixon.  ^^^-  DixON. — There  is  nothing  that  prohibits  the  engineer  from  speci- 

fying the  making  of  tests.  It  is  a  matter  up  to  the  engineer,  not  the 
contractor,  so  it  should  not  go  in  the  specification.  It  is  expected  that 
the  engineer  on  the  job  will  have  cylinder  tests  made  and  if  they  do  not 
come  out  right  he  will  see  that  the  work  is  corrected  through  his  inspection. 

jyj    jj    .  W.  K.  Hatt. — It  seems  to  me  there  are  two  questions  here.     The  first 

is  as  to  the  state  of  the  art  of  testing.  I  think  w^e  might  concur  as  to 
the  technique  of  cylinder  testing  in  the  field.  Apparently  a  good,  many 
think  that  it  is  not  precise  enough  to  be  the  basis  of  a  contract.  The 
other  phase  of  the  question  is  this,  the  contractor  is  to  supply,  as  I  under- 
stand it,  materials  up  to  specification  and  workmanship.     I  do  not  think 
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it  is  tlie  business  of  the  engineer  to  specify  the  materials  as  much  as  it  Mr.  Hatt. 
is  to  design  the  building.  I  do  not  think  it  ought  to  be  left  to  the 
contractor  to  design  the  building  as  a  matter  of  theory.  As  to  workman- 
ship, is  there  anything  that  the  contractor  can  do  to  judge  of  the  quality 
of  the  concrete  as  it  leaves  the  mixer,  which  the  engineer  cannot  do, as 
well?  He  is  trained  for  that  purpose;  that  is  his  special  function.  I  do 
not  see  what  advantage  there  is  in  transferring  the  function  of  the 
engineer  to  the  contractor.  It  is  true  that  there  are  contractors  who  are 
engineers,  and  they  have  as  great  skill  and  as  great  experience  as  engi- 
neers, but  there  are  not  many  of  them,  and  while  I  appreciate  the  need 
for  the  improvement  of  concrete  as  much  as  any  one,  I  do  not  know  that 
we  are  going  to  come  at  it'  by  establishing  a  utopian  theory  or  a  doctrine 
which   cannot   be    applied    as    the   world   goes    along. 

Sanford  E.  Thompson. — Most  concrete  which  is  laid  in  reinforced-  „  _. 
concrete  buildings  and  is  supposed  to  be  2,000  lb.  concrete,  tests  around 
1,200  to  1,400  lb.  per  sq.  in.  ^t  28  days.  This  is  a  strong  statement,  but 
it  is  made  as  a  result  not  of  theory  but  of  many  practical  tests  on  cylinders  . 
that  have  come  from  jobs  in  all  parts  of  the  country  in  commercial 
practice.  This  low  strength  is  largely  due,  as  is  generally  recognized,  to 
the  consistency  of  the  concrete.  It  is  what  Ave  are  up  against,  and  you 
will  note  the  wide  margin  between  say  1,400  lb.  and  2,000  lb.  The  ques- 
tion then  is  how  we  are  going  to  better  the  conditions.  With  reference  to 
the  taking  of  cylinders,  that  is,  the^  making  of  cylinders  on  the  job,  I  do 
not  agree  with  Mr.  Dixon  as  to  the  impossibility  of  getting  good  speci- 
mens. On  some  very  large  structures  that  we  have  been  associated  with, 
for  example,  we  found  it  possible  to  get  specimens  which  tested  remark- 
ably uniform.  If  2,000  lb.  concrete  was  specified,  we  found  it  possible  to 
get  cylinders  which,  except  for  cold  weather,  averaged  almost  exactly 
2,000  lb.  per  sq.  in.  For  other  proportions  we  got  average  results  which 
corresponded  very  closely  with  the  theoretical  ratios.  This  was  obtained 
by  following  carefully  prepared  specifications  for  taking  the  field  speci- 
mens, specifications  that  were  afterward  used  as  a  basis  for  the  Standard 
Specifications  for  Field  Specimens  of  the  American  vSociety  for  Testing 
Materials. 

The  cylinders  were  stored  on  the  job  until  hard,  then  taken  to  the 
laboratory  and  stored  under  a  moist  cloth  imtil  just  as  they  were  tested. 
Our  experience  has  been  that  field  concrete,  that  is,  specimens  taken  from 
the  concrete  poured  into  the  forms,  averages  stronger  than  similar  speci- 
mens of  similar  consistency  made  in  the  laboratory.  This  makes  this 
criticism  of  field  concrete  all  the  greater. 

L.  C.  Wason. — I  would  like  to  ask  Mr.  Dixon  if  he  does  not  think 
it  is  fair  and  reasonable  to  insist  on  the  portland  cement  companies  sell- 
ing cement  on  a  compression  test  instead  of  on  the  usual  tension  briquette 
as  the  present  specifications  call  for?  Secondly,  what  do  you  think  the 
reaction  of  the  cement  companies  would  be  on   such   a  proposition? 
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Mr.  Dixon.  Me.   Dixon. — The   committee  considered  that,   and   we  quoted   in  our 

report  a  recommendation.  Of  course,  if  such  a  specification  is  adopted, 
contractors  would  expect  that  cement  would  be  accepted  on  a  compression 
test,  and  our  compression  tests  are  made  on  concrete  mixtures,  but  that 
really  does  not  answer  the  question  at  all,  because  those  tests  would 
merely  give  the  data  which  you  could  get  yourself,  and  you  would  still 
find  that  certain  cements  would  give  you  greater  strength  in  28  days 
than  other  cements,  even  though  they  might  not  be  any  better  at  three 
months  and  six  months.  Therefore,  as  you  were  only  interested  in  the 
strength  of  the  cylinders  at  28  days  under  this  specification,  you  would 
not  have  to  care  a  particle  about  the  quality  of  that  concrete  in  the 
building  in  three  months;  the  only  thing  you  are  interested  in  is  "What 
do  cylinders  test  in  28  days?"  So  you  would  still  buy  those  cements  that 
would  give  you  the  high  strength   in  28  days. 

Mr.  MacMillan.  F.  R.  MacMillan. — There  Is  one  angle  to  this  matter  that  I  think 

ought  to  be  emphasized.  It  was  in  the  minds  of  the  committee  that  in 
offering  these  alternate  clauses  28,  they  were  making  available  to  the 
.  contractor  an  opportunity  for  taking  responsibility.  It  was  not  their 
idea  to  pass  it  from  the  engineer  to  the  contractor,  but  to  offer  him  an 
opportunity  for  increased  economies  by  careful  selection  of  his  material 
and  methods,  thereby  giving  him  greater  liberty  to  serve  iiis  clients  at  a 
better  profit  to  himself.  Apparently  that  phase  has  not  been  appre- 
ciated by  the  contractors'  speakers,  but  I  would  like  to  have  that  clearly 
understood.  It  was  in  the  mind  of  tKe  committee  to  offer  an  opportunity 
for  effective  economy,  and  a  great  many  of  us  still  believe  that  if  the 
contractors  cared  to  avail  themselves  of  that  opportunity,  they  would 
demonstrate  the  economy  of  it. 

I  note,  too,  that  the  New  York  committee  selects  as  a  standard 
the  code  of  the  city  of  New  York.  Why  stop  there?  Why  not  pick  out 
the  code  of  another  city?  Why  do  we  emphasize  the  code  of  New  York  as 
a  standard  after  it  has  been  shown  that  some  of  the  other  city  codes  are 
a  good  deal  more  expensive  as  compared  with  the  report  of  the  Joint 
Committee?  It  has  been  assumed  that  the  New  York  code  was  the  one 
perfect  code  and  anything  above  that  was  an  increase  and  a  burden  on 
building  construction.  Why  not  take  the  Minneapolis  code  or  some  other 
code  under  which  we  can  allow  three  times  the  load  we  allow  under  the 
New  York  code? 


III.     Philadelphia,  Presented  by  F.  V.  Warren 

Section  28. 

This  section  provides  methods  for  determining  the  proportions  in 
which  the  cement  and  aggregates  shall  be  mixed. 

The  first  division  provides  both  the  proportions  in  which  the  concrete 
is  to  be  mixed  and  the  strength  to  be  obtained  as  determined  by  test 
cylinders  taken  from  the  work  and  tested  at  28  days. 

The  second  division  leaves  the  proportioning  to  the  contractor  and 
requires  him  to  produce  concrete  of  a  given  strength  as  determined  above. 

Only  the  second  of  these  sections  would  be  possible  of  operation,  as 
it  would  be  manifestly  unfair  to  require  the  production  of  concrete  of  a 
certain  quality  without  the  privilege  of  varying  the  proportions  from  a 
given  arbitrary  formula.  We  believe,  however,  that  any  attempt  to  impose 
even  this  condition  on  the  contractor  would  lead  in  many  cases  to  con- 
troversy and  litigation. 

We  are  aware  that  under  present  conditions  wide  variations  are 
shown  in  the  strength  of  test  specimens  taken  from  apparently  identical 
mixtures  of  concrete.  We  believe  however  (and  feel  sure  that  we  will  be 
supported  in  our  contention)  that  this  irregularity  is  due  to  the  varying 
properties  of  the  fine  and  coarse  aggregates  and  to  the  water  ratio.  When 
the  grading  is  determined  and  the  consistency  controlled,  uniformity  is 
obtained. 

We  earnestly  recommend  the  installation  and  use  of  the  proper  water 
measuring  devices,  and  the  frequent  and  regular  use  of  the  slump  test  or 
any  other  workable  method  of  controlling  the  water  ratio,  but  we  believe 
the  scientific  determination  of  concrete  mixes  to  secure  a  given  strength 
is  the  function  of  the  engineer  rather  than  of  the  contractor. 

The  engineer  should  know  the  available  sources  of  supply  for  any 
structure  he  is  designing.  He  would  make  one  investigation.  Whereas, 
if  it  is  left  to  the  contractor  as  many  investigations  are  required  as  there 
are  contractors  bidding. 

We  believe  the  results  sought  by  Section  28  can  best  be  obtained  by 
more  detailed  and  rigid  requirements  of  field  operation. 

We  believe  further  that  confusion  would  be  likely  to  result  from  the 
judging  of  concrete  entirely  on  the  compressive  strength  of  test  cylinders 
at  28  days,  due  to  the  varying  conditions  under  which  testi  m^y  ^e  made 
and  to  the  fact  that  many  cements  do  not  give  high  compressive  tests  at 
that  period  but  do  over  a  long  time. 

We  strongly  recommend  that  the  standard  specifications  contain  only 
the  method  of  proportioning  by  the  volume  in  which  the  cement,  fine 
aggregate  and  coarse  aggregate  are  to  be  mixed.  We  believe  provision 
should  be  made  for  the  engineer  to  modify  the  proportions  when  neces- 
sary to  do  so  with  an  adjustment  of  the  contract  price,  consistent  with 
the  change, 

(359) 


360  Discussion  of  Report  of  Joint  Committee. 

Section  31. 

We  recommend  that  Section  3.1  be  revised  to  require  the  time  that  a 
batch  should  remain  in  the  mixer  to  be  %  minute  after  all  the  materials 
are  in,  and  that  locking  devices  be  required  to  make  this  time  positive. 

Section  67. 

We  strongly  recommend  the  elimination  of  that  portion  of  Section  67 
which  provides  for  1  in.  additional  iireproofing  and  the  placing  of  a  meta) 
mesh  1  in.  from  the  outside  surface  in  all  concrete  where  aggregate  is  used 
having  an  expansion  materially  greater  than  that  of  limestone  or  trap 
rock.  This  provision  would  eliminate  the  use  of  quartz  gravel.  In  some 
localities  this  would  so  increase  the  cost  of  reinforced  concrete  as  to 
prevent  its  use. 

We  doubt  if  this  restriction  is  necessary  except  in  rare  cases  where 
the  fire  hazard  is  vinusually  severe  or  a  building  is  to  be  used  to  house 
highly  inflammable  material.  These  cases  should  require  special  study 
and  treatment,  and  it  should  not  be  necessary  to  impose  an  increased  cost 
on  all  buildings  to  provide  for  an  increased  risk  in  the  comparatively  few. 

We  recommend  that  in  all  concrete  structures  there  should  be  l^/^  in. 
of  concrete  protection  for  all  steel  in  portions  exposed  to  the  weather. 


Discussion  of  Philadelphia  Repokt. 

Ernest  Ashton. — I  note  that  most  of  those  who  have  discussed  this  Mr.  Ashton. 
matter  this  morning  view  with  considerable  alarm  and  apprehension  the 
great  variation  existing  in  concrete  test  specimens,  notwithstanding  the 
fact  that  the  control  of  the  manufacture  of  those  specimens  is  always  in 
hand,  always  definite  and  always  positive  so  that  the  variables  can  easily 
be  eliminated  one  at  a  time.  They  view  with  alarm  the  great  variation 
existing  in  the  results  and  the  concrete.  I  wonder  whether  they  view 
with  the  same  alarm  and  apprehension  the  concrete  that  they  now  have 
in  structures  where  there  is  no  such  thing  as  control,  or  very  little? 

Duff  A.  Abrams. — To  pursue  the  point  raised  by  Mr.  Ashton,  we  Mr.  Abrams. 
'have  found  in  our  investigational  work  that  concrete  tests,  if  made  under 
uniform  conditions,  are  as  reliable  as  tests  made  on  any  other  material 
with  which  I  am  familiar,  with  the  possible  exception  of  mild  steel.  If 
we  make  five  or  ten  tests  alike  and  get  a  variation  of  more  than  five  or  six 
per  cent,  we  begin  to  look  for  the  trouble,  so  that  if  concrete  tests  do  vary, 
it  means  that  there  is  a  variation  in  the  concrete.  If  Mr.  Dixon  finds  that 
the  tests  with  a  higher  water  ratio  give  a  higher  strength,  I  do  not 
believe  it  has  any  relation  to  the  validity  of  the  water-ratio  relation,  but 
simply  means  that  the  concrete  itself  varies.  Concrete  is  a  very  depend- 
able material,   if  it  is  tested  consistently. 

H.    C.    Turner. — May    I    ask    Mr.    Abrams    in    connection    with    these  Mr.  Turner. 
tests  which  can  be  made  in  the  laboratory  with  such  a  small  variable,  is 
that  comparison  always  made  with  one  brand  of  cement,  or  do  you  find 
the  variation  mentioned  by  Mr.  Dixon  between  the   strength  obtained   in 
concrete  mixtures  where  there  is  a  variation  in  the  cement  itself? 

Mr.  Abrams. — I  was  speaking  of  the  variation  in  tests  made  with  Mr.  Abrams. 
the  same  materials,  same  mixtures  and  under  the  same  conditions.  We 
have,  of  course,  tested  a  great  many  different  brands  of  cement  and  there 
is  a  great  deal  of  information  available  on  that  subject  that  may  not  have 
come  to  the  attention  of  Mr.  Dixon's  committee.  If  he  will  look  up  the 
report  of  the  cement  committee  published  three  or  four  years  ago,  he  will 
find  a  large  mass  of  information  on  that  very  subject.  .Our  laboratory, 
I  think,  made  tests  on  twenty-three  brands  of  cement,  all  in  the  same 
condition.  They  included  the  ordinary  cement  test  as  well  as  tests  of 
cement  mortars  in  compression,  and  compression  tests  of  concrete  of 
diff"erent  mixtures  at  a  number  of  different  ages.  Those  tests  were  car- 
ried out  under  the  supervision  of  Am.  Soc.  T.  M.  Committee  C-1,  on 
Cement,  at  the  time  the  last  revision  in  the  specification  for  cement  was 
made. 

S.  E.  Thompson. — I  would  like  to  ask  Prof.  Abrams  in  a  general  way  Mr.  Thompson, 
how  the  relation  of  the  compression  test  of  concrete  with  different  cements 
ran? 

Mr.   Abrams. — I  do  not  recall  just  what  that  showed;    it   has  been  Mr.  Abrams. 
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Mr.  Abrams.  some  time  since  I  have  seen  a  report;  there  was  some  variation  no  doubt, 
but  I  think  it  would  be  measured  by  probably  a  matter  of  25  or  30  per 
cent  as  between  the  lowest  and  the  highest. 

Mr.  Ashton.  ERNEST  AsHTON. — I  think  the  total  range  on  the  series  you  referred 

to,  the  original  series  of  the  twenty-three  brands,  the  total  range  was 
65%.  Of  course,  there  may  be  an  actual  reversal  of  these  conditions  by 
taking  different  samples  at  different  periods  of  time.  These  samples  were 
purchased  on  the  open  market  and  sent  into  the  laboratory  for  test,  the 
primary  study  being  the  relation  between  the  tension  and  the  compression 
test.     They  were  only  individual  samples  purchased  on  the  open  market. 

Mr.  Hatt.  W.  K.  Hatt. — It  is  common  practice  in  laboratory  investigations  to 

use  a  mixture  of  four  or  five  brands  of  cement  to  eliminate  that  variable. 
The  question  has  come  up  as  to  the  significance  of  the  variation  in 
tests  of  field  cylinders,  and  the  implication  of  the  discussion  has  been 
that  there  is  the  same  amount  of  variation  in  the  concrete  in  the  struc- 
ture. I  would  like  to  know  just  what  the  facts  are.  We  have  a  great 
many  cores  taken  from  concrete  roads.  It  is  a  practice  that  is  increasing, 
and  the  indications  are,  as  I  think,  that  the  variations  in  cores  from  the 
road  are  quite  as  great  as  the  variations  in  the  cylinders  cast  at  the  same 
time.  We  hear  a  lot  of  talk  about  concrete  having  what  they  call  mass 
strength  and .  a  sort  of  evening  up  of  conditions  when  it  is  poured  in 
large  masses.  I  think  before  we  can  make  up  our  minds  on  this  particular 
matter,  we  ought  to  study  and  increase  the  number  of  tests  of  cores  taken 
from  construction.  I  do  not  think  that  has  been  done  in  the  case  of 
buildings  to  a  great  extent,  but  we  can  answer  those  questions  by  taking 
cores  out  of  construction. 

Mr.  Nichols.  C.  E.  NiCHOLS. — It  is  obvious  that  the  contractors'  relations  must  be 

protected,  his  pocketbook  cannot  be  sacrificed  entirely.  I  want  to  add 
to  the  discussion  this  much  as  coming  from  a  contractor  with  a  consider- 
able engineering  viewpoint:  We  contractors  must  admit  that  we  have 
been  getting  very  uncertain  results  from  concrete;  we  admit  that  the 
cement  used  varies  considerably  in  concrete  work;  I  do  not  see  that  that 
is  any  argument  whatever  for  not  taking  what  steps  we  can,  that  research 
indicates  as  advisable,  to  correct  the  faults  relating  to  the  other  mate- 
rials in  the  concrete.  I  think  we  should  go  after  the  cement  question 
also,  but  I  do  not  see  that  that  is  any  argument  for  setting  aside  the 
research  which  has  been  conducted  and  which  indicates  what  can  be  done 
with  proportioning  with  sand,  gravel  and  water.  Any  of  the  contractors 
who  have  closely  followed  this  test  will  admit  that  the  results  Prof. 
Abrams  read  a  moment  ago  are  by  no  means  unusual.  The  average  of 
what  we  have  thought  was  2,000  lb.  concrete  probably  will  not  run  as 
high  as   1,600  lb. 

I  think  another  thing  that  can  be  developed  along  this  line  and  which 
must  be  developed  to  follow  out  the  recommendations  of  the  Joint  Com- 
mittee, is  a  considerably  higher  degree  of  accuracy  in  the  technique  of 
field   testing   and   field   specimen   making.     I   think   a  great   deal   of   the 
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uncertain  results  that  we  have  had  from  tests  made  by  contractors  on  the  Mr.  Nichols, 
job  is  due  to  the  lack  of  experience  along  this  line.  I  know  that  has  been 
indicated  hj  two  or  three  jobs  in  which  we  have  attempted  to  follow  some- 
what along  the  lines  recommended  by  the  committee.  The  results  were 
anything  but  what  might  be  expected  and  were  undoubtedly  due  to  the 
inexperience  of  the  men  making  the  tests.  That  is  where  we  must  devote 
more  of  our  energy. 

One  thing  that  Mr.  Wason  brought  up  in  the  beginning  I  want  to 
touch  on :  He  advocates  a  specification  which  specifies  results  rather  than 
detailed  methods — that  is,  in  discussing  specifications  other  than  Sec- 
tion 28.  I  think  that  Section  28  as  it  stands  now,  or  the  alternates  of 
Section  28,  and  the  criticisms  that  have  been  brought  up  against  it  are 
wonderfully  good  arguments  against  his  sort  of  specification.  You  can 
specify  the  results  you  want  to  get  and  leave  it  to  the  contractor  to  get 
them,  and  you  will  be  just  in  the  position  of  the  engineer  who  specifies 
"make  2,000-lb.  concrete,"  and  when  you  do  not  get  it,  you  simply  haven't 
it.  I  think  it  is  absolutely  essential  that  a  good  specification  turned 
out  by  an  engineer  should  specify  not  only  the  results  he  wants  to  obtain, 
but  the  detailed  methods  of  getting  them,  and  if  the  contractor  wants  to 
use  some  other  methods,  it  is  up  to  him  to  get  the  consent  of  the  engineer 
who  wrote  the  specification  and  it  is  up  to  him  to  assume  the  respon- 
sibility for  getting  the  results  if  he  changes  the  methods  prescribed. 


IV.     Cincinnati,   Presented  by  F.  N.  Loring. 

The  deliberations  of  the  Cincinnati  committee  resolved  themselvies  into 
a  conference  between  myself  and  Mr.  Henley,  a  consulting  engineer  in 
Cincinnati.  We  have  a  committee  that  has  been  working  for  some  time 
on  the  matter  of  revising  the  concrete  sections  in  the  building  code,  and. 
when  this  matter  came  up  it  was  suggested  that  their  interest  in  the  sub- 
ject would  make  their  opinion  of  the  proposed  regulations  of  interest.  It 
has  been  impossible  to  get  all  of  the  members  together,  so  I  am  reporting 
what  Mr.  Henley  and  myself  have  agreed  upon  as  we  went  over  the  matter 
in  a  rather  short  time; 

We  put  up  to  ourselves  specifically  the  time  of  mixing  as  specified 
in  Section  31,  and  our  recommendation  was  three-quarters  of  a  minute 
as  a  minimum.  In  regard  to  Section  28,  I  think  it  has  not  been  brought 
out  that  that  is  intimately  connected  with  Section  4,  which  specifies  the 
strength  of  the  concrete.  We  feel  that  Section  4  should  state  that  the 
design  is  based  upon  assumed  strengths,  and  that  the  third  alternate  in 
Section  28  should  be  substantially  adopted  and  leave  it  up  to  the  engi- 
neer to  make  field  tests  and  to  change  the  mix  specification  if  he  feels 
that  it  is  necessary  to  do  so  in  order  to  get  the  assumed  strength  of  con- 
crete which  he  used  in  his  design. 

We  have  in  Cincinnati  really  only  a  few  aggregates,  and  we  feel 
that  there  is  no  reason  in  our  city  why  an  engineer  should  not  be  thor- 
oughly familiar  with  the  results  he  can  expect  from  certain  combinations 
of  those  aggregates.  The  principal  aggregates  are  river  gravel,  bank 
gravel,  river  sand  and  bank  sand,  and  while  we  think  that  further  tests 
should  be  made  in  the  light  of  our  recent  information  on  the  behavior 
of  concrete  with  diff"erent  degrees  of  water  ratios,  that  that  information 
ought  to  be  forthcoming  and  standardized  so  that  engineers  in  our  locality 
can  specify  a  mix  of  concrete  with  some  confidence  in  the  results  that 
they  Avill  get. 
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Report  on  Committee  C-6,   on  Field  Methods, 
Presented  by  N,  M.  Loney. 

As  soon  as  the  Joint  Committee's  report  appeared  with  tliis  specifica- 
tion it  immediately  quickened  the  interest  wliicli  I  had  had  for  a  long 
time  in  trying  to  overcome  the  waste  wliich  undoubtedly  exists  now  due  to 
irregularity  of  our  results.  As  I  see  the  whole  matter,  the  object  aimed 
at  is  very  laudable  and  some  day  we  will  probably  accomplish  it,  but  at 
'present  the  state  of  the  art  is  such  that  we  are  simply  asking  the  con- 
tractor to  perform  an  impossible  task,  one  which  he  would  be  foolish  and 
suicidal  to  enter  into  in  a  contractual  relationship. 

Before  I  get  to  Committee  C-6,  I  want  to  say  something  about  Section 
28.  I  think  that  everything  aimed  at  in  that  section  can  be  accomplished 
by  the  engineer.  Fundamentally  it  is  the  engineer's  function  to  design  the 
mix  of  the  concrete  as  well  as  the  size  of  the  beam.  The  contractor  should  * 
be  prepared  to  give  that  engineer  all  the  tools  he  considers  necessary  to 
arrive  at  his  conclusions  as  to  the  design,  of  the  mix.  As  to  a  definite 
recommendation  on  Section  28,  I  should  say  that  the  third  clause  should 
have  some  additional  means  of  measuring  the  consistency  specified,  either 
the  slump  test  or  possibly  some  better  rule  can  be  found;  then  let  the 
engineer  specify  what  might  be  termed  a  base  mix,  including  a  very  close 
definition  of  consistency;  then,  using  the  tools  which  the  contractor  should 
be  required  by  the  specification  to  furnish,  the  engineer  should,  make  as 
many  tests  as  he  deems  to  be  necessary,  and  should  then,  from  time  to 
time,  if  you  please,  direct  the  contractor  as  to  the  variation  in  the  design 
of  the  mix. 

Committee  C-6  has,  as  its  first  recommendation,  that  all  persons  con- 
cerned in  the  production  of  concrete  continue  the  work  already  started  and 
which,  I  believe,  has  progressed  a  great  deal  in  the  last  couple  of  years, 
namely,  the  education  of  our  rank  and  file  to  the  necessity  of  regulating 
consistency.  We  have  in  the  industry  men  who  have  been  putting  in  con- 
crete for  ten  to  twenty-five  years,  who  have  actually  produced,  on  the 
whole,  creditable  buildings.  These  men  have,  imtil  a  short  time  ago,  been 
instructed  to  pour,  that  is  the  word,  "pour,"  instead  of  place  concrete  of 
sloppy  consistency.  This  education,  I  think,  is  proceeding  now  and  should 
be  continued.  That  is  the  first  recommendation  of  Committee  C-6.  Every 
one  concerned,  all  of  us  here  no  doubt  can  personally  influence  that  situa- 
tion if  they  do  as  I  do  as  I  go  about  and  preach  this  doctrine. 

In  the  next  place,  the  committee  believes  that  further  progress  is 
going  to  be  largely  dependent  upon  better  tools  which  will  remove  the 
human  element  as  far  as  possible.  If,  for  instance,  it  were  possible  to  have 
&  mixer  which  would  automatically  reject  the  surplus  water,  then  we  could 
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write  such  a  specification  as  lias  been  proposed  and  Jiave  some  hope  of 
carrying  it  out.  That,  of  course,  is  probably  a  mere  Utopian  dream,  but 
undoubtedly  a  lot  of  improvements  can  be  made  and  there  is  no  doubt  a 
closer  proportioning  of  aggregates  can  be  made.  That  is  merely  a  matter 
of  developing  some  equipment  which  is  practically  in  a  commercial  state 
now.  There  is  one  notable  job  which  has  been  more  or  less  written  about 
and  will  be  more  written  about,  namely,  the  Queenston  Chippawa  power 
project  at  Niagara  Falls,  where  a  considerable  saving  was  made  in  cement 
by  the  adoption  of  a  simple  rule  which,  as  far  as  I  understand  it,  boils 
down  to  this:  Every  time  you  put  six  gallons  of  water  into  your  mixer, 
you  put  in  a  bag  of  cement  and  increase  the  cement  as  you  find  it  neces- 
sary to  increase  the  water  to  get  the  proper  consistency  to  enable  tho 
concrete  to  be  placed. 

As  to  the  steps  which  we  hope  will  develop  more  accurate  proportion- 
ing of  materials,  it  appears  in  the  present  state  of  the  art  that  propor- 
tioning by  volume  is  all  we  can  hope  for.  It  may  be  that,  at  least  on 
operations  of  some  magnitude,  proportioning  by  weight,  when  proper  tools 
are  provided,  will  be  possible  and  desirable.  The  development  of  an 
►  apparatus  for  compensating  for  the  volume  of  entrained  moisture  in  the 
aggregate  is  possibly  another  Utopian  thing,  but  the  suggestion  has  been 
made,  based  on  Prof.  Hatt's  test,  that  there  is  possibly  a  relationship 
between  consistency  and  the  power  required  at  a  certain  place  in  the  mix. 
The  committee  proposes  to  institute  some  investigations  along  that  line. 

On  operations  of  sufficient  magnitude  to  justify  it,  the  greater  use  oi 
what  might  be  called  field  laboratory  methods  will  be  also  advocated.  All 
of  these  things  are  desirable  and  as  matters  stand  now,  a  lot  of  us  are 
doing  something  along  this  line  and  spending  some  of  our  company's 
money  for  what  we  think  is  the  ultimate  good  of  the  industry,  at  the 
present  expense  of  the  same.  As  a  contractor,  speaking  for  one  concern, 
I  think  that  instead  of  all  of  us  spending  considerable  money  along  parallel 
lines,  it  may  be  possible  to  fix  up  an  arrangement  whereby  somebody  can 
be  paid  to  devote  attention  to  this. 
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W.  G.  Chace. — These  matters  of  mixing  and  design  of  mix  have  been  Mr.  Chace. 
uppermost  in  my  mind  for  the  last  ten  years.  In  1913  I  was  placed  in 
charge  of  the  work  of  building  a  96-mile  aqueduct  for  the  Water  District 
at  Winnipeg,  where  we  had  to  put  in  about  350,000  yd.  of  concrete,  and 
the  design  of  the  mixture  was  the  first  subject  of  our  attention.  The 
primary  object  we  had  there,  however,  was  watertightness,  but  whether 
it  be  watertightness  or  strength  that  is  under  consideration  here,  the  prin- 
ciples applied  might  be  interesting.  We  spent  six  months  on  laboratory 
tests  studying  economical  methods  of  insuring  watertightness  and  coin- 
eidentally  being  sure  that  in  getting  watertightness  we  did  not  sacrifice 
strength  beyond  the  limits  necessary  for  our  structures. 

As  a  result  of  our  tests  we  decided  upon  a  mixture  of  aggregate  con- 
taining plenty  of  very  fine  sandy  particles.  We  were  so  fortunate  as  to 
find  a  natural  deposit  of  proper  material  and,  owing  to  certain  physical 
conditions,  to  induce  the  owner  not  only  to  specify  the  mix,  which  was 
required,  but  also  to  provide  the  material  ready  for  the  mixer.  Wherever  , 
the  work  was  made,  whether  at  mile  one  or  at  mile  twenty-one  or  ninety- 
one,  the  same  materials  in  the  same  proportion  were  delivered  to  the 
'contractor  ready  mixed  for  his  cement  and  water.  On  that  job  it  waB 
possible  to  avoid  irregularity  and  we  got  results  that  were  uniform  from 
day  to  day  and  from  mile  to  mile.  That  was  a  peculiar  situation  and  one 
which  would  not  necessarily  obtain  on  other  jobs,  but  the  regulation  of 
the  mixture  is  not  at  all  beyond  the  control  of  the  engineer  himself. 

The  question  of  mixing  and  time  of  mixing  was  one  that  came  up 
before  us,  and  at  first  we  specified  two  minutes.  It  was  not  long  after  we 
got  the  work  going  before  we  cut  that  time  down  considerably  and  allowed 
the  inspectors  to  determine  when  the  mixture  was  sufficiently  prepared. 
The  company  with  whom  I  am  now  associated  was  one  of  the  contractors 
on  that  job,  and  their  governing  rule  is  this,  "to  mix  the  concrete  unHl 
it  is  mixed."  That  is  about  as  logical  a  rule  as  you  can  find.  Any  effort 
to  govern  the  time  of  mixing  by  the  clock  is  sure  to  fail,  unless  it  be  made 
an  extravagant  and  impracticable  time. 

A  very  important  feature  about  the  whole  matter  is  the  order  of 
placing  the  materials  in  the  mixer,  and  that  is  a  thing  that  has  not  been 
given  any  attention  in  the  discussion  this  morning.  Our  company's  prac- 
tice is  to  make  a  grout;  first  the  water  is  introduced  and  the  cement,  then 
the  other  materials,  the  intention  being  to  make  sure  that  every  particle 
of  sand  and  stone  has  the  opportunity  to  become  coated  with  grout  as 
well  as  mixed  with  the  grout,  and  we  have  governed  ourselves  in  three 
or  four  ways :  we  use  an  open  mouthed  mixer  in  which  the  mix  can  be 
constantly  inspected;  it  is  not  done  blind;  we  dump  from  that  mixer  into 
on  open  hopper  where  an  attendant  who  handles  the  gate  of  the  hopper 
has  an  opportunity  for  touching  up  any  little  sand  or  anything  that  may 
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Mr.  Chace.  come  through  the  mixer  not  properly  mixed  with  grout ;  and  finally  we  use 
a  bucket  which  actually  gives  the  material  another  mix  as  it  exudes  from 
the  bucket. 

Prof.  Talbot.  Peof.   A.   N.    TAI.BOT. — At   the   meeting    of   the   American    Society   of 

Civil  Engineers  in  New  York  in  December  when  this  matter  was  dis- 
cussed, I  gave  my  views  in  regard  to  these  three  methods  of  proportion- 
ing. I  do  not  want  to  repeat  what  I  said  then.  I  will  say,  however,  that 
it  seems  to  me  that  no  one  of  these  three  should  be  accepted.  They  do 
not  lead  to  proper  and  satisfactory  contractural  relations,  they  are  not 
practicable  for  carrying  out,  as  I  view  the  way  they  would  be  used.  I 
wish  to  say  also  that  I  am  not  ready  to  accept  methods  of  specifying 
materials  or  of  designing  concrete  based  merely  on  sieve-analysis  and 
water-cement  ratio,  with  the  knowledge  of  these  matters  that  has  been 
given  out  so  far.  The  state  of  the  art  it  seems  to  me  has  not  reached  the 
l^lace  where  we  can  accept  such  an  advance  as  is  implied  in.  these 
specifications. 

I  do  want,  however,  to  say  something  more  about  the  third  one  of  the 
provisions,  that  which  specifies  that  the  proportions  shall  be  those  given  in 
Table  IV,  since  both  Mr.  Wason  and  Mr.  Dixon  referred  to  this  as  being  an 
acceptable  method.  I  felt  when  I  saw  the  table  that  it  was  an  uneven  table. 
As  I  studied  it  and  made  calculations  on  certain  parts  of  it,  it  seemed  to 
me  that  it  would  result  unevenly  in  strength  and  unevenly  in  workability. 
I  tried  that  out.  Selections  were  made,  not  in  the  extreme  portions  of  the 
table  but  in  the  middle  jDortion  of  it,  parts  that  I  think  come  under  mate- 
rial quite  commonly  used.  Two  sands  were  used,  one  running  from  zero  to 
1/4  in.,  an  sand  that  we  call  in  our  laboratory  Attica  sand  from  the 
Wabash  River,  a  very  good  grade  of  sand;  I  think  anyone  here  would 
consider  it  a  high-grade  sand;  another  sand  coming  from  Covington, 
Indiana,  a  finer  sand  running  from  zero  to  No.  14  sieve.  The  coarse  aggre- 
gate was  gravel,  well  graded,  and  there  were  two  sizes  used,  one,  %  in.  to 
1  in.,  and  the  other  from  %  in.  to  2  in.  Three  specimens  of  each  mixturo 
were  made,  and  at  different  times.  Three  consistencies  of  the  table  were 
used,  in  the  first  one  the  slump  ran  from  i/4  in.  to  1  in.,  in  the  second 
from  6  to  7  in.,  and  the  third  from  8  to  10  in. 

These  tests  were  made  by  approved  methods,  by  experienced  workmen, 
and  were  carefully  made.  The  individual  specimens  with  the  exception  of 
two  sets,  I  think,  varied  but  little  from  the  average;  the  conditions  were 
uniform  and  the  material  itself  was  quite  uniform.  Twelve  of  the  mix- 
tures were  chosen  from  the  proportions  of  Table  IV  for  2000  lb.  concrete, 
and  twelve  of  them  for  3000  lb.  concrete.  With  each  of  the  two  kinds  of 
sand  and  each  of  the  two  kinds  of  gravel,  *he  mixture  for  each  of  the  three 
consistencies  was  taken.  As  the  specimens  were  made  up  a  slump  test 
was  made  for  every  single  specimen,  so  there  was  no  question  of  filling 
that  portion  of  the  requirement  of  the  table. 

Now  the  strength  of  these  mixtures  at  28  days,  as  I  think  might  have 
been  judged,  varied  considerably.    Let  me  read  the  values  for  the  20G0-lb. 
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concrete,  giving  only  the  nearest  hundred  pounds,  each  value  being  the  Mr.  Talbot, 
average  of  three  specimens:  1800,  2400,  1600,  1500,  1800,  1500,  1800, 
2400,  2900,  1300,  1900,  1700,  and  for  the  3000-lb.  concrete,  3400,  4000, 
3.900,  2600,  2600,  3200,  3300,  4000,  3100,  2800,  3200,  and  1900.  The  varia- 
tion in  these  cases,  as  you  see,  was  such  that  the  highest  vs^as  double  the 
lowest.  Now  this  material  was  not  unusual  material ;  it  was  what  I  should 
say  would  be  considered  a  good  grade  of  material  and  of  course  the  mate- 
rial had  been  screened  so  that  it  was  far  more  uniform  than  material  on 
a  construction  job  would  be.-  It  seems  to  me  then  that  it  would  be  un- 
fortunate if  this  report  should  go  out  with  Table  IV  put  down  as  a 
requirement  for  strength.  I  think  that  this  objection  should  be  carefully 
considered. 

W.  A.  Slater. — I  wonder  if  Prof.  Talbot  would  be  willing  to  suggest  Mr.  Slater, 
what  method  should  be  used,   since  none  of  the  three  methods   proposed 
here  seem  to  be  satisfactory? 

Pkof.  Talbot. — I  think  I  should  put  that  the  other  way,  that  it  is  Prof.  Talbot, 
up  to  the  committee  to  do  that.  I  has  proposed  a  method  which,  accord- 
ing to  the  views  expressed  here  this  morning,  seems  to  be  revolutionary, 
and  objections  are  made.  We  have  not  had  an  opportunity  yet  to  hear 
from  the  committee  whether  these  are  really  objections  or  if  they  are 
objections,  how  the  method  may  be  modified.  The  committee  should  have 
the  opportunity  to  give  us  their  views  now.  Personally  I  hope  we  shall 
advance  in  this  matter  further  in  the  near  future.  I  should  rather  stand 
on  the  old  1:2:4  than  do  the  things  that  have  been  proposed.  I  think 
too  that  some  method  may  be  devised  by  which  it  may  be  specified  in 
advance  that  so  much  cement  per  cubic  yard  shall  be  used,  and  that  the 
mixture  shall  be  by  certain  proportions  of  the  materials  that  may  be 
available,  and  then  arrange  in  some  way  that  modifications  may  be  made 
afterwards  in  case  the  particular  materials  expected  can  not  be  obtained. 

Mb.  Slater. — The  committee  has  been  endeavoring  seriously  to  con-  Mr.  Slater. 
sider  the  objections  that  have  been  raised  here  as  to  why  the  methods 
proposed  are  objectionable  to  the  contractors,  and  after  listening  through 
all  of  the  discussion,  I  am  unable  to  see  that  there  is  anything  running 
through  it  other  than  that  at  the  present  time  it  is  impossible  to  judge 
what  strength  will  be  developed  by  a  given  concrete;  therefore,  do  not 
specify  any  strength;  specify  only  the  mix  and  nobody  will  know  what 
strength  we  have  obtained.  That  is  the  way  the  whole  discussion  seems 
to  me  to  line  up  at  the  present  time,  with  the  exception  of  that  of  the 
last  speaker,  and  it  seems  to  me  quite  evident  that  Prof.  Talbot  has  in  his 
mind  some  constructive  suggestion.  The  committee  would  appreciate 
knowing  as  definitely  as  possible  what  he  would  suggest. 

Ernest  Ashton. — It  is  rather  interesting  to  note  that  in  the  results  Mr.  Ashton. 
given  by  Prof.  Talbot,  the  average   of   3,000-lb.   concrete  was   within   five 
per   cent   of  the  specified   requirement,   and   the   3,000-lb.    concrete   within 
three  per  cent,  not  taking  into  consideration  the  variation,  but  the  inter- 
pretation that  might  be  placed  on  average  values. 
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Prof.  Talbot.  Peof.   Talbot. — I   do   not   see  that   the   average   value   of  the   twelve 

different  mixtures  intended-  to  give  3,000  lb.  concrete  is  significant.  If  one 
structure  were  built  with  the  proportions  that  gave  a  strength  of  4,000 
lb.  per  sq.  in.,  and  another  with  the  mixture  that  produced  a  strength  of 
1,900  lb.  per  sq.  in.,  the  fact  that  the"  average  of  both  buildings  was  near 
3,000  lb.  per  sq.  in.  would  not  add  to  the  stability  and  durability  of  the 
latter.  Besides,  I  think  there  is  a  good  deal  of  this  averaging  of  test 
results  that  may  be  misleading. 


Report  of  Committee  E-5,  on  Fireproofing. 
Presented  by  C.  R.  Gow. 

After  examination  of  all  the  references  relating  to  the  matter  of 
the  use  of  silica  pebbles  in  concrete,  we  are  convinced  that  Section  B-67 
which  contains  the  expression, — "provided  aggregate  showing  an  expansion 
not  materially  greater  than  that  of  lime  stone  or  trap  rock  is  used," 
needs  further  discussion  and  consideration  before  it  is  adopted.  A  narrow 
interpretation  of  this  paragraph  would  seem  to  make  it  necessary  to 
discard  all  gravels  containing  an  appreciable  'amount  of  silicious  material. 
It  must  be  admitted  that  a  number  of  reliable  tests  have  indicated  that 
,silicia  pebbles  and  some  other  forms  of  silicious  material  are  less  fire- 
resistant  as  aggregates  than  materials  like  lime  stone  and  trap  rock.  In 
some  of  these  cases  it  is  at  least  a  question  whether  the  failure  is  due  to 
the  large  and  peculiar  expansion  of  the  silica  materials  or  whether  the 
water  contained  in  the  minerals  may  not  be  the  principal  cause  of 
disintegration. 

As  has  already  been  pointed  out  in  an  earlier  report,  the  variation  in 
gravels,  especially  glacial  deposits,  is  great  from  place  to  place  even 
where  the  distances  involved  are  not  very  great.  Some  practical  means 
of  indicating  what  shall  be  considered  a  satisfactory  or  an  unsatisfactory 
silicious  gravel,  either  by  chemical  test  or  by  physical  measurement  would 
seem  to  be  necessary  if  this  paragraph  is  to  be  helpful. 

From  the  tests  made  upon  columns  at  Pittsburgh  and  Chicago,  it  is 
evident  that  the  silicious  materials  were  less  effective  than  other  forms 
of  aggregate.  It  may  well  be  that  where  the  silicious  material  is  used  a 
structure  will  result,  fireproof  in  a  degree  comparable  with  that  afforded 
by  other  types  of  construction,  though  of  lesser  degree  than  where  con- 
crete of  trap  or  lime  stone  is  used.  It  seems  probable  that  in  some  cases 
the  superior  fire-resisting  qualities  of  concrete  made  with  trap  or  lime 
stone  will  not  offset  the  added  cost.  It  should  be  borne  in  mind  that 
every  material  has  a  fire-resisting  limit  and  even  assuming  as  we  must 
that  silicious  materials  will  give  a  lower  fire-resisting  value  than  those 
of  lime  stone  or  trap  rock,  the  true  measure  of  their  respective  values  in 
a  structure  must  be  measured  by  the  insurance  value  of  the  one  as  com- 
pared with  the  other.  In  other  words,  a  concrete  containing  silica  pebbles 
in  the  aggregate  will  undoubtedly  prove  satisfactory  as  a  fire-resistant  up 
to  a  certain  temperature.  If  it  appears  desirable  to  obtain  a  still  higher 
fire-resistance,  this  can  be  accomplished  by  spending  the  added  amount  of 
money  necessary  to  obtain  lime  stone  or  trap  rock  if  the  advantage  to 
be  gained  appears  to  be  commensurate  with  the  cost. 

,It  is  suggested  that  the  fitness  of  an  aggregate  for  use  in  fire-resisting 
concrete  may  be  determined  by  a  test  similar  to  th.e  so-called  "spallingi' 
test  used  for  refractory  bricks,  and  that  a  material  should  be  deemed 
unsatisfactory  for  service  as  an  aggregate  of  fire-resisting-  concrete  when 
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it  failed  to  pass  some  such  simple  test.  This  might  consist  in  making  up 
a  number  of  cubes  and  immersing  them  promptly  in  water  after  heating 
for  a  stated  time  at  a  definite  temperature.  The  loss  in  weight  in  spalling 
would  determine  the  fitness  of  the  material.  Such  a  test  would  appear 
to  be  more  simple  and  desirable  than  an  elaborate  chemical  or  physical 
test. 


Discussion  of  Committee  E-5  Report. 

Richard  L.  Humphrey. — Tlie  experience  with  quartz  gravel  in  the  Mr.  Humphrey, 
two  fires  where  that  damage  was  particularly  great,  namely,  the  Far 
Rockaway  Fire  and  later  the  fire  in  one  of  the  buildings  (No.  41)  of 
the  plant  of  the  Barrett  Manufacturing  Co.,  Philadelphia,  convinced  the 
speaker  personally  that  a  quartz  gravel  concrete  that  was  subjected  to  a 
slow  rise  in  temperature,  would  have  an  opportunity  of  adjusting  itself 
perhaps  to  that  temperature,  whereas  a  fire  of  great  intensity,  rapidly 
developed,  would  produce  the  sparkling  and  shattering  effect  that  was 
x)bserved  in  those  two  structures.  In  the  case  of  the  Far  Rockaway  Fire, 
the  burning  of  oil,  in  a  relatively  cold  building,  produced  an  intense  fire 
with  a  rapid  heating  of  the  surface  of  the  concrete  and  subsequent  spall- 
ing.  In  the  case  of  the  Barrett  plant  fire  the  intense  and  rapid  heat 
that  developed  from  the  burning  naphtha  caused  spalling.  That  tem- 
perature caused  actual  fusing  of  the  concrete,  as  was  noticed  in  some  of 
the  adjacent  beams  and  girders  where  the  wire  glass  windows  were 
broken  and  allowed  the  fire  to  pour  in  through  the  opening. 

Tests  that  were  made  in  Chicago  Underwriters  Laboratories,  which 
were  part  of  the  w^ork  of  the  Structural  Materials  Testing  Laboratories 
in  St.  Louis,  included  sections  of  beams  made  of  cinder,  gravel,  lime  stone 
and  granite  concrete.  In  the  gravel  concrete,  where  the  quartz  particles 
were  kept  away  from  the  surface,  the  damage  was  very  much  less  than  in 
the  case  of  the  Far  Rockaway,  or  Barrett  Fire.  The  speaker  feels  that 
if  the  fire  hazard  is  great  and  there  is  likely  to  be  a  very  high  temper- 
ature that  rapidly  develops,  as  was  the  case  in  those  two  fires,  you  can 
take  care  of  the  case  by  placing  on  theh  exposed  surface  a  coating  of 
mortar  of  a  material  that  spalls  less  than  ordinary  quartz  gravel,  that 
can  be  accomplished  without  any  great  sacrifice,  keeping  the  particles 
away  from  the  face  of  the  exposed  surface. 

As  the  speaker  understands  the  report,  some  of  the  granites  were  as 
unsatisfactory  as  trap  rock.     Granite  has  a  wide  range  of  structure.     Some  ' 

granites  are  made  up  of  very  large  crystals  and  other  granites,  Dix  Island 
granite,  for  instance,  are  made  up  of  extremely  fine  grained  material. 
In  the  panels  in  Chicago  there  was  a  piece  of  Dix  Island  granite,  that 
had  been  sent  to  the  laboratory  for  testing  in  connection  with  one  of 
the  federal  buildings,  and  it  was  placed  in  the  panel  of  natural  stone  and 
in  the  test  this  granite  showed  less  spalling  than  most  of  the  other 
materials.  The  coarse  grained  granite  I  think  will  spall  very  much  like 
quartz  pebbles.  Fine  grained  granites  are  as  durable  as  lime  stones.  This 
morning  attention  was  called  to  the  fact  that  this  would  rule  out  gravel, 
which  is  in  common  use  in  different  parts  of  the  country.  There  is  as 
wide  a  range  in  the  character  of  gravel  as  in  granite.  The  glacial  gravels 
found  around  Chicago,  which  contain  large  percentages  of  lime  stone  par- 
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Mr.  Humphrey,  tides  will  not  have-  the  same  characteristics   as   the  pure  quartz  pebbles 
found  arovmd   Far   Rockaway,   New   York. 

If  a  structure  of  reinforced  concrete  may  have  to  withstand  rapidly 
developed  high  temperatures,  then  there  should  be  some  material  placed 
on  the  exterior  of  the  exposed  members  that  will  have  the  requisite  fire 
resistance.  There  is  no  reason  why  the  core  of  the  building  should  not 
be  built  of  local  quartz  gravel. 


Report  of  Committee  E-1,  on  Design. 
Presented  by  A.   R.  Lord. 

Committee  E-1,  on  Reinforced-Concrete  Design  and  Specifications,  has 
consisted  of  fourteen  members  during  the  past  year,  of  whom  five  are 
also  members  of  the  Joint  Committee.  On  account  of  the  pressing  char- 
acter and  large  amovmt  of  work  that  these  members  have  had  in  that 
connection,  it  has  not  been  felt  advisable  to  assign  to  them  much  work 
on  this  committee.  We  will  request  the  Board  of  Direction  to  increase 
our  membership  to  eighteen  during  the  coming  year.  The  work  of  the 
committee  during  1921-22  has  included  three  principal  items: 

(a)  A  study  of  the  problem  of  specifying  concrete  by  strength  and 
related  matters,  including  factor  of  safety. 

(b)  Discussion  of  the  technical  provisions  of  the  1921  report  of 
the  Joint  Committee. 

(c)  Investigation  of  the  cost  of  structural  members  under  the  1921 
Joint  Committee  report  as  compared  with  the  present  cost  under  city 
building  codes,  excluding  the  matter  of  cost  of  producing  concrete  of  any 
given  strength. 

The  matter  of  specifying  concrete  by  strength  has  been  approached 
by  this  committee  as  a  possible  development  of  the  future  toward  whicJi 
active  steps  should  now  be  taken  to  investigate  its  practicality  and  desir- 
ability, and  to  develop  whatever  data  need  be  secured  if  it  is  to  be 
equitably  and  safely  applied.  The  publication  of  the  now  famous  Sec- 
tion 28  of  the  1921  Joint  Committee  report,  has  precipitated  this  whole 
question  and  makes  the  work  of  our  committee  in  this  report  even  more 
timely.  We  are  not  prepared  to  offer  any  suggestion  as  yet  as  to  the 
solution  of  this  disturbing  problem.  We  have  in  fact  made  a  bare 
beginning  on  it  and  it  remains  a  major  portion  of  our  program  for 
1922-23  unless  the  formation  of  a  special  committee  from  committees 
C-6,  E13,  and  E-1   should  relieve  us  of  this  responsibility. 

On  our  discussion  of  the  Joint  Committee  report  with  special  refer- 
ence to  the  technical  merit  of  its  design  provisions  we  have  made  progress 
and  have  contributed  to  the  work  of  the  Joint  Committee.  We  feel  that 
this  work  is  best  conducted  by  direct  connection  between  our  committee 
and  the  design  committee  of  the  Joint  Committee  and  that  the  public 
discussion  of  the  mass  of  siiggestions  and  criticisms  made  by  members 
of  our  committee  would  serve  no  useful  purpose.  The  Joint  Committee 
has  shown  itself  to  be  receptive  to  our  siiggestions  when  properly  sup- 
ported. This  work  also  will  continue  a  major  item  of  our  work  in  the 
coming  year.  Our  committee  may  well  be  used  by  all  members  of  the 
Institute  as  a  clearing  house  for  their  suggestions  as  to  any  part  of 
the  Joint  Committee  specifications.  We  are  already  in  receipt  of  several 
written  comments  by  persons  not  members  of  our  committee  and  have 
found   valuable   material    in    them.      We   would    suggest   that   no   member 
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may  claim  to  know  much  of  the  significance  and  merits  of  the  Joint 
Committee  report  wlio  has  not  deliberately  set  about  the  task  of  careful 
criticism  of  its  provisions  and  better  still  the  still  more  laborious  task  of 
applying  those  provisions  to  actual  designs.  ' 

Follov^ing  the  Am.  Soc.  C.  E.  meetings  in  'New  York  in  December, 
1921,  at  which  the  progress  report  of  Joint  Committee  was  publicly  dis- 
cussed at  great  length  and  at  which  the  opinion  was  expressed  by  many 
that  the  adoption  of  these  specifications  would  greatly  increase  the  cost 
of  reinforced-concrete  construction,  Committee  E-1  of  the  Institute  was 
instructed  to  present  a  study  of  this  question  to  this  convention.  A  pro- 
gram was  quickly  drawn  up  and  a  blank  form  prepared  calling  for  a 
large  amount  of  design  data  on  reinforced-concrete  members  together  with 
the  quantity  of  steel  and  concrete  required  for  their  construction.  These 
were  sent  out  to  eleven  well  known  engineers  as  follows : 

New  York,  A.  W.  Stephens,  Turner  Const.  Co.    (A.  C.  I.) 

Philadelphia,  Manton  E.  Hibbs,  Bureau  of  Buildings  (A.  C.  I.)  ; 
Maurice  Webster,  Wm.  Steele  &  Sons  Co. 

Cleveland,   Wilbur   J.   Watson,    Consulting   Engineer. 

Detroit,  W.  S.  Thompson,  Corrugated  Bar  Co.    (A.  C.  I.) 

Pittsburgh,  J.  A.  Ferguson,  Consulting  Engineer    (A.  C.  I.). 

Cincinnati,  Wm.   P.  Anderson,   Ferro   Concrete  Const.   Co.    (A.   C.   T.) 

Chicago,  Arthur  E..  Lord,  Consulting  Engineer    (J.  C.)    (A.  C.  I.). 

San  Francisco,  L.  H.  Nishkian,  Consulting  Engineer. 

Each  co-operator  was  asked  to  prepare  an  economical  design  as  sanc- 
tioned by  the  code  of  the  city  and  the  approved  practise  of  the  building 
department.  Similar  sheets  were  prepared  in  accordance  with  the  A.  C.  1. 
standard  specifications  for  reinforced-concrete  design  (1920)  and  the  1921 
report  of  the  Joint  Comimttee.  These. two  sheets  were  prepared  by  Mr. 
Lord  with  the  assistance  of  H.  J.  Gilkey  of  the  University  of  Illinois. 

Each  sheet  included  the  design  and  quantities  for  the  following  mem- 
bers, the  design  conditions  being  stated  at  some  length  to  insure  com- 
parable results. 

1.  One  one-way  solid  slab  12  ft.  clear  span,  300  lb.  live  load. 

2.  Nine^  beams,  loads  1000  to  2000  lb.  per  ft.,  spans  16  to  24  ft. 
Six  girders,  20,000  to  40,000  lb.  loads  at  third  pts.,  int.  and  end 
spans. 

3.  Nine  flat  slabs,  load  100  to  300  lb.  per  sq.  ft.,  spans  16  to  24  ft. 

4.  Six  footings,  load  200,000  lb.  to  1,000,000  lb.  soil  at  4000  and 
6000  lb. 

5.  Five  spiral  columns,  loads  200,000  to  1,000,000  lb.,  12  ft.  story. 

6.  Four  tied  columns,  loads  50,000  to  200,000  lb.,  12  ft.  story. 
Each  sheet  represented  a  very  large  amount  of  work.     The  results  to 

be  presented  include  six  cities  and  the  Joint  Committee  and  A.  C.  I. 
specifications,  and  cover  a  broad  enough  field  to  be  indicative. 

No  attempt  was  made  to  specify  beam  sizes,  concrete  mixtures  in 
columns,  slab  thickness,  or  other  matters  commonly  left  to  the  designer's 
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judgment.  All  the  engineers  invited  to  participate  are  well  versed  in 
competitive  design  and  are  supposed  to  know  how  best  to  combine  economy 
and  good  design  under  the  conditions  prevailing  in  their  own  city.  While 
no  claim  is  made  that  the  figures  for  any  particular  city  are  conclusive 
evidence  of  the  liberal  or  conservative  position  of  the  city  in  the  matter 
of  concrete  design,  still  it  is  believed  that  taken  as  a  whole  these  figures 
will  show  the  average  design  cost  and  the  general  range  in  cost  of  various 
piembers  used  in  buildings. 

The  committee  realizes  that  under  any  given  specification  the  cost 
of  members  may  vary  greatly.  In  Chicago  for  instance  the  cost  of  spiral 
columns  may  be  varied  from  $44.40  (for  an  average  of  cases  used  by 
the  committee)  to  over  $51.00  depending  on  the  selection  of  vertical  and 
'spiral  percentages.  The  value  plotted  ($47.80)  represents  average  prac- 
tice and  not  maximum  economy  possible  under  the   Chicago  code. 

It  should  be  further  noted  in  connection  with  these  comparisons  that 

(a)  The  cost  of  forms  is  not  included.  It  was  not  felt  that  this 
item  would  vary  greatly.  But  the  use  of  percentages  is  liable  to  mis- 
interpretation, unless  it  is  clearly  kept  in  mind  that  the  given  costs  include 
steel  and  concrete  only. 

(b)  Costs  are  given  for  members,  not  for  complete  structures.  Any 
saving  is  dead  weight  of  the  construction,  which  would  affect  the  cost  of 
other   members,   is  not  taken  into   account. 

(c)  Differences  in  the  cost  of  excavation  are  not  considered  although 
very  large  variations  in  footing  depths  are  included  in  the  designs 
submitted. 

(d)  The  strength  of  the  concrete  has  been  assumed  as  2000  lb.  per 
sq.  in.  (or  some  other  given  value)  and  the  cost  of  2000  lb.  concrete 
assumed  to  be  that  of  1:2:4  concrete.  This  is  in  accord  with  the  practice 
of  most  building  departments.  The  question  as  to  whether  the  com- 
pressive strength  tests  specified  by  the  Joint  Committee  will  require  a 
more  expensive  mixture  to  attain  this  strength  is  not  here  taken  into 
account.  These  figures  are  limited  to  design  (the  field  of  Committee  E-1) 
and  do  not  go  into  the  very  pertinent  question  of  strength  of  concrete. 
It  is  undoubtedly  true  that  the  higher  stresses  permitted  by  the  Joint 
Committee  are  based  upon  the  assurance  that  a  2000  lb.  concrete  will  ))e 
secured  by  these  specifications.  If  it  be  true  that  a  2000  lb.  concrete 
cannot  be  produced  at  the  same  price  as  ordinary  1:2:4  concrete,  the 
showing  of  these  figures  must  be  modified  by  other  figures  not  now  at 
hand  showing  the  cost  of  a  Joint  Committee  2000  lb.  concrete  as  compared 
with  ordinary  1:2:4  concrete.  The  quantities  of  concrete  given  in  Table 
I  wiir  permit  this  extension  of  these  data  to  be  made  readily  when  sucJi 
additional  cost  data  is  at  hand. 

(e)  Bond  provisions  have  been  disregarded  in  large  measure,  since 
they  are  commonly  not  strictly  enforced  by  the  city  building  departments 
and  to  apply  them  in  the  Joint  Committee  and  A.  C.  T.,  figures  would 
add  an  unbalanced  cost. 
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(f)  Undoubtedly  other  aspects  in  which  this  comparison  is"  limited 
and  indicative  only  could  be  mentioned  and  will  be  brought  out  in  the 
discussion. 

The  cost  of  concrete  and  steel  as  given  by  the  assisting  engineers  for 
their  various  cities  varied  considerably.  The  average  values  used  in  this 
comparison  were  as  fellows : 

2000  lb.  concrete  in  place  in  forms $9.50  per  cu.  yd. 

2500  lb.         "  "       "       "       " ..11.00     "      "       « 

2900  lb.         "  "       "       "       "        . 12.50     "      " 

3000  lb.         "  "       "       "       "        12.80     "      " 

Reinforcing  steel,  bent  and  placed 62.00  per  ton 

Column  vertical  bars,  in  place 60.00     "      " 

Column  spiral,   in  place 78.00     "      " 

These  figures  are  intended  to  cover  contractor's  profit  and  all  job 
expense  commonly  charged  against  the  concrete  work.  In  as  much  as 
quantities  of  materials  are  given  in  Table  I,  modified  costs  for  varying 
unit  prices  in  different  cities  may  be  readily  computed.  Different  unit 
prices  will  change  the  resulting  comparison  materially  for  some  members. 

Not  much  attention  was  paid  to  one-way  solid  slab  designs  for  the 
reason  that  slab  thicknesses  are  commonly  determined  by  judgment  in 
beam  and  slab  structures  and  the  theoretical  slab  thickness  as  found  by 
the  permitted  stresses  is  rarely  used.  It  would  be  too  thin.  Hence 
the  apparent  difference  in  cost  as  shown  in  Table  I  for  one-way  solid 
slabs  applies  only  to  rather  exceptional  cases. 

The  designs  in  accordance  to  Joint  Committee  and  A.  C.  I.  specifica- 
tions were  made  after  five  sets  of  city  figures  were  at  hand  and  it  was 
possible  to  use  average  sizes  of  members.  None  of  the  various  co-operators 
felt  like  making  a  Joint  Committee  design  after  having  put  in  the  neces- 
sary work  on  their  own  city  code  design  so  the  figures  here  presented  for 
the  Joint  Committee  and  A.  C.  I.  are  single  values  and  not  averages  of 
values  secured  by  different  engineers.  The  various  computations  have  not 
been  checked  by  the  committee.  The  committee  has  simply  collected  thi: 
data  into  one  table  and  six  diagrams  and  presents  these  for  the  informa- 
tion of  the  Institute  in  its  consideration  of  the  Joint  Committee  report 
of  1921. 

A  study  of  Fig.  1  to  0  and  Table  I  is  conclusive,  as  to  the  needs  of 
uniformity  in  building  codes — one  primary  object  of  the  Joint  Committee 
work.     The  values  vary  tremendously  for  the  different  cities. 

The  design  and  costs  of  individual  members  as  given  thus  far  is 
essential  to  the  critical  comparison  of  the  specifications  but  a  better  gen- 
eral view  may  be  obtained  by  preparing  figures  for  a  complete  building 
and  showing  the  cost  comparison  on  this  basis.  To  this  end  we  have 
taken  the  following  distribution  of  cost  from  figures  prepared  by  the 
New  York  contractors'  committee  for  a  building  80  x  300  ft.,  6  stories, 
and   averaging   live-loads   usually    employed.      Each    percentage   represents 
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the    proportionate    part   of    the    total    cost  attributable    to    each   type   of 
structural  member. 

Flat-Slab  Bnildiug     Beam  and  Girder  Building 

Floors  and  Roof    65%  68% 

Tied  Columns   8%  9% 

Spiral  Columns    12%  11% 

Footings 13%  ■        10% 

Walls,  etc.   (of  concrete)    2%  2% 

Total    ; 100%  100% 

Table  II  has  been  prepared  from  Table  I  and  these  percentages  repre- 
sent the  ratio  of  cost  under  Joint  Committee  provisions  to  the  cost  on  the 
basis  outlined  in  preceding  paragraphs  for  the  various  cities  and  the 
A.  C.  I.  specifications  of  1920.  It  should  be  remembered  that  these  figures 
are  but  rough  approximations  for  any  given  city  but  the  average  is  prob- 
ably quite  indicative  of  the  nation  wide  situation.  They  should  be  studied 
rather  than  memorized. 


Table  II. — Rates  of  Joint  Committee  to  Other  Specifications. 

Code  or  Specification  Flat -Slab  Building     Beam  and  Girder  Building 

Am.  Cone.  Inst.  1920   1.09  0.90 

Chicago 1.03  0.87 

Philadelphia    1.02  0.74 

Cleveland    0.98  0.68 

New  York    1.11  1.00 

Detroit    1.13  0.98 

Cincinnati 1.24  1.10 

San    Francisco 1.02  ^0.91 

Average  of  eight   1.08  0.90 

These  figures  are  for  the  cost  of  the  steel  and  concrete  only.  To  get 
at  building  costs  we  must  add  the  approximately  constant  costs  of  excava- 
tion, brickwork,  mill  work,  plumbing,  electrical  work,  heating,  roofing, 
formwork,  etc.,  etc.  The  costs  covered  in  the  above  figure  may  be  taken 
to  represent  roughly  20%  of  the  cost  of  the  completed  buildings  and  if  so 
taken  the  average  figures  are  reduced  to 

1.02  for  flat  slab  building 

0.98  for  beam  and  girder  building. 

Even  if  the  cost  of  the  concrete  and  steel  were  considered  as  great  as- 
30%  of  the  entire  cost  of  the  building  these  figures  would  be 

1.02  for  flat  slab  building 

0.97  for  beam  and  girder  building. 
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The  committee  does  not  desire  at  this  time  to  discuss  these  results 
or  to  criticize  the  Joint  Committee  report  which  we  understand  is  still 
under  process  of  construction  and  revision.  Our  committee  is  so  numer- 
ously represented  on  the  Joint  Gommittee  that  we  have  no  difficulty  in 
securing  the  most  thorough  and  influential  consideration  for  any  sugges- 
tions we  may  have  to  make  as  to  the  detailed  provisions  of  the  design 
sections.  This  committee  does  feel  that  the  present  Joint  Committee  is 
approaching  its  task  in  a  spirit  that  bids  fair  to  make  its  findings 
acceptable  to  the  Institute  and  to  the   profession  generally. 

The  speaker  wishes  in  conclusion,  to  make  it  perfectly  clear  that  he 
is  speaking  in  the  capacity  of  chairman  of  A.  C.  I.  Committee  E-1,  and 
not  as  a  member  of  the   Joint   Committee. 
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Miscellaneous  Subjects. 

Contraction  Joints,  Etc. 

Mr.  Turner.  CHAIRMAN  H.  C.  TURNER. — The  next  subject  is  contraction  joints  and 

expansion  joints.  Is  there  any  discussion?  From  a  number  of  sources 
I  have  heard  criticism  made  of  Section  75,  which  requires  expansion  joints 
in  buildings  if  they  are  in  excess  of  200  ft.  in  length  and  where  the  width 
is  less  than  half  the  length.  To  many  this  has  seemed  to  be  a  limitation 
which  was  unnecessary.  Many  buildings  have  been  constructed  of  much 
greater  length  than  200  ft.  without  expansion  joints. 

Mr.  Wason  L.   C.   Wason. — I   think  this   is   an   unnecessary   limitation  of  length. 

I  know  in  the  early  days  of  reinforced  concrete,  designers  considered  it  a 
necessity  to  tie  a  building  together  so  that  it  would  not  crack  from  end 
to  end,  and  I  have  executed  buildings  from  the  designs  of  others  which 
ran  as  high  as  450  ft.,  all  beams  and  exterior  being  so  reinforced  con- 
tinuously as  to  exceed  the  shrinkage  of  the  concrete  and  therefore  prevent 
its  cracking.  I  think  that  is  thoroughly  first  class  construction.  One 
particular  building  has  been  up  for  fifteen  years,  at  least.  I  have  net 
seen  it  for  the  last  five  years,  but  at  the  end  of  ten  years  after  con- 
struction no  cracks  had  appeared.  Presumably  there  were  a  few  there, 
but  they  were  so  fine  and  so  many  of  them  because  of  the  reinforcement 
resisting  their  cracking  at  one  place,  that  they  did  not  show.  I  think 
that  200  ft.  is  a  very  short  length  and  that  in  specifying  that  absolutely 
it  shall  be  no  more  than  that,  it  should  be  made  more  elastic. 

Mr.  Ferguson.  J.  A.  FERGUSON. — In  Section  7 1  there  is  no  statement  that  construction 

joints  should  be  as  near  as  possible  normal  to  the  lines  of  force  at  which 
the  joint  is  made.  I  have  seen  entirely  too  many  cases  where  joints  at 
the  center  of  spans  or  point  of  maximum  compression  are  45  deg.  when 
they  should  have  been  vertical,  and  at  the  third  point  they  were  vertical 
when  they  should  have  been  45  deg.  Something  should  be  placed  in  this 
section  to  take  care  of  that  point. 


Waterproofing  and  Protective  Treatment 

Mr.  Turner.  Chairman  H.    C.   Turner. — We  will   pass   on   to   Waterproofing  and 

Protective  Treatment.     Is  there  any  discussion? 

Mr.  Humphrey.  RiCHARD  L.  HUMPHREY. — There  is  quite  a  variance  in  the  committee 

in  reference  to  the  treatment  of  waterproofing.  The  committee  has  not 
reached  any  final  conclusions  as  to  whether  or  not  to  treat  waterproofing 
in  the  report.  Probably  those  things  that  may  be  added  to  the  concrete 
should  be  dealt  with;  whether  anything  else  should  be  touched  upon  I 
am  not  prepared  to  say.  This  represents  as  far  as  the  committee  reached 
any  conclusions  after  having  considered  the  subject  extensively,  and  they 
boiled  it  down  to  this  in-  the  tentative  stage. 

(  386  ) 
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A.  H.  Rhett. — The  Tentative  Specification  contains  some  very  valu-  Mr.  Rhett. 
able  information,  but  devotes  small  space  to  the  very  large  subject  of 
waterproofing.  The  recommendations  though  brief  are  pointed.  Regard- 
less of  practical  considerations  we  are  told  that  (1) — Integral  Compounds 
shall  not  be  used  and  (2) — Membrane  Waterproofing  shall  be  used,  etc. 
The  speaker  acknowledges  to  a  feeling  of  the  greatest  astonishment  in 
reading  these  recommendations  and  finds  that  there  are  many  others  who 
share  this  feeling. 

He  holds  no  special  brief  for  integral  waterproofing,  as  his  original 
interest  in  the  subject  of  waterproofing  was  aroused  through  the  necessity 
of  waterproofing  a  large  number  of  bridge  structures  of  various  types 
being  designed  and  constructed  under  his  supervision,  and  in  connection 
with  which  work  he  developed  some  very  violent  theories  on  the  subject 
of  membrane  waterproofing,  which  he  applied  with  apparent  success.  His 
feeling  on  the  subject  of  integral  waterproofing  was  skeptical  enough  to 
have  suited  the  most  violent  antagonist  and  his  first  use  of  the  material 
was  dictated  by  curiosity.  The  results  obtained,  however,  most  cer- 
tainly did  not  seem  to  warrant  any  such  dictum  as  that  "integral  com- 
pounds shall  not  be  used,"  but  on  the  contrary  that  there  was  subject 
matter  for  serious  study  and  this  study  has  confirmed  the  correctness  of 
that  judgment  and  resulted  in  some  very  definite  conclusions. 

In  the  first  place,  the  generally  accepted  opinion  that  there  is  a  direct 
conflict  between  the  integral  and  membrane  methods  and  that  it  is  simply 
a  matter  of  personal  choice,  does  not  seem  to  be  substantiated  by  con- 
sideration  of  the  facts   involved. 

Thin  concrete  sections  subject  to  wide  temperature  variations,  vibra-  • 
tion  or  impact,  will  inevitably  crack  and  the  waterproofing  problem  is  not 
one  of  correcting  absorption  or  permeability,  but  of  waterproofing  cracks. 
Obviously,  the  only  way  to  effect  this  result  is  to  protect  the  cracks  with 
a  membrane  or  coating  elastic  enough  to  span  these  cracks  when  open  and 
waterproof  them.  On  the  other  hand,  occasion  arises,  such  as  in  a  deep 
foundation  and  wet  excavation,  where  a  waterproofing  is  required,  and  yet 
where  the  constant  presence  of  water  or  conditions  of  excavation  preclude 
the  use  of  a  membrane  because  a  membrane  cannot  be  applied  to  a  wet 
or  unprepared  surface.  In  such  instances  as  there  wojild  be  no  temper- 
ature variation  and  mass  concrete  would  probably  be  used,  it  would  be 
obviously  desirable  to  use  integral  waterproofing.  Furthermore,  it  is 
being  recognized  more  and  more  every  day  that  concrete  is  not  permanent 
unless  waterproofed,  any  more  than  steel  or  wood,  and  here  again  cases 
arise  where  surface  coatings  are  not  practical  and  where  intergral  water- 
proofing could  be  advantageously  used,  if  there  be  such  a  thing  as  integral 
waterproofing. 

The  committee  has  evidently  concluded  that  there  is  no  such  thing, 
while  the  writer,  after  a  careful  and  prolonged  study,  has  concluded  that 
there  is  and,  furthermore,  that  the  theories  on  which  some  at  least  of  the 
materials  are  produced  are  technically  rational  and  correct. 
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Mr.  Rhett.  In  any   effort  to   render   concrete  or   mortar   intrinsically  waterproof, 

two  factors  must  be  borne  in  mind,  and  these  are  that  water  enters  in  two 
ways, — by  absorption  through  minute  pores  and  by  percolation  through 
pores  of  appreciable  size.  This  difference  in  action  can  be  very  easily  shown 
by  trying  to  force  water  through  a  neat  portland  cement  sample  and  a 
1:2:4  ( say )  concrete  sample.  In  the  first  no  water  could  be  forced 
through,  while  in  the  second  probably  considerable.  On  the  contrary,  if 
both  are  immersed  in  quiescent  water,  the  neat  cement  sample  will  absorb 
much  more  than  the  concrete  one. 

Taking  cognizance  of  these  facts,  waterproofing  materials  seem  to 
have  been  produced  mainly  on  two  theories  which  appear  diametrically 
opposed  at  first  sight,  but  not  so  much  so  on  closer  examination.  These 
are  (1) — Water  repellent  materials  and  (2) — Water  absorbent  and  lubri- 
cating materials.  The  first  are  designed  to  kill  absorption,  the  second  to 
eliminate  porosity. 

As  far  as  mortars  and  stucco  are  concerned,  the  first  theory  seems 
entirely  rational,  because  as  the  mortar  consists  of  finely  particled  mate- 
rials, applied  under  pressure,  there  are  no  real  voids  and  water  enters 
chiefly  through  absorption. 

As  regards  concrete  there  is,  however,  room  for  difference  of  opinion. 
The  water-repellent  theory  assumes  that  if  the  mortar  is  rendered  non- 
absorptive,  the  concrete  is  waterproof  because  the  coarse  aggregate  does 
not  absorb.  The  lubricating  and  water  absorbent  theory,  going  more 
boldly  at  the  subject,  believes  that  as  the  mortar  is  but  a  small  part  of 
the  volume,  absorption  is  a  minor  factor  and  that  the  elimination  of 
permeability  through  the  elimination  of  porosity  is  the  end  to  be  accom- 
plished. Porosity  is  due  largely  to  faulty  field  manipulation;  that  is,  to 
too  much  water,  to  little  tamping;  to  vertical  chuting,  insufficient  mixing, 
segregation  of  material  and  insufficient  absorption  of  the  water  by  the 
cement.  If  the  lubricating  element  can  be  introduced,  the  liability  to 
defects  from  superfluous  water,  -insufficient  tamping  and  vertical  chuting 
is  certainly  lessened,  to  say  the   least. 

While  if  absorption  of  the  water  by  the  cement  can  be  increased  and 
this  accompanied  by  a  slight  swelling  action,  the  liability  to  porosity  from 
the  evaporation  of  unabsorbed  water  is  lessened. 

The  skeptic  will  no  doubt  say  that  this  is  all  very  well  in  theory,  but 
why  can  it  not  be  proved,  by  which  he  means  apparently,  proved  by  labora- 
tory experiment.  The  writer  submits  with  all  due  respect  that  this  may  be 
due  to  defective  experiments  and  not  defective  materials.  It  is  possible  to 
test  in  a  laboratory  the  absorption  killing  effect  on  mortars,  but  nullifica- 
tion of  field  errors  cannot  be  tested  until  laboratory  experiments  can 
reproduce  the  field  errors.  It  is  difficult  to  see,  too,  on  what  basis  of  rea- 
soning the  result  of  a  laboratory  experiment  can  be  considered  more  con- 
vincing that  results  obtained  in  actual  field  operations.  Most  certainly 
actual  results  obtained  in  field  operations  have  convinced  a  very  large 
number  of  practical  users  of  tlie  value  of  integral  compounds  when  properly 
used. 
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As  regards  laboratory  tests,  however,  no  really  authentic  and  com- 
prehensive tests  have  ever  been  made  as  far  as  the  writer's  knowledge  gpes. 
Much  has  been  made  of  the  tests  conducted  by  the  Bureau  of  Standards  in 
1911  and  their  generally  assumed-=adverse  findings.  As  carefully  as  these 
tests  were  made,  a  detailed  examination,  which  many  have  apparently 
failed  to  make,  does  not  substantiate  this  assumption.  For  instance,  on 
page  04  the  following  statement  occurs,  referring  to  the  results  of  the 
tests  as  applied  to  a  1:4  sand  mortar,  after  four  weeks'  immersion:  "It 
will  be  observed  that  all  of  the  mortars  containing  water-repellent  com- 
pounds were  damjj-proof."  And  Table  19  shows  further  that  while  the 
untreated  specimens  failed  after  .58  days,  three  specimens  containing  water- 
repellent  compounds  were  sound  after  respectively  110,  136  and  164  days. 

It-  would  also  no  doubt  surprise  many  of  the  constant  quoters  of  this 
report,  to  know  that  the  tests  did  not  even  include  concrete,  but  were  made 
solely  on  mortars.  In  no  other  factor  pertaining  to  good  concrete  would 
it  be  considered  valid  to  reason  from  mortar  to  concrete  in  view  of  today's 
knowledge,  and  certainly,  as  it  was  attempted  to  show  above,  it  is  not 
\alid  to  do  so  in  reigard  to  water-proofing. 

It  is  the  writer's  conclusion  that  this  whole  subject  has  been  clouded 
and  obscured  by  a  lack  of  comprehension  and  that  if  this  obscuration  can 
be  cleared  away,  much  of  the  antagonism  would  also  disappear. 

It  can  no  longer  be  disputed  that  the  entrance  of  water  into  concrete 
is  destructive  of  its  permanence  and  means  must  be  produced  to  exclude 
it  and  that  the  means  suitable  for  one  condition  may  not  be  applicable 
for  another. 

It  is  to  be  assumed  that  the  labors  of  this  committee  are  directed 
toward  obtaining  the  best  concrete  possible  for  every  condition  that  may 
arise  and  most  certainly  this  end  is  not  furthered  by  closing  the  door  in 
the  face  of  effort  to  obtain  that  result  along  whatever  line  it  may  be 
expected. 

Richard  L.  Humphrey. — A  good  deal  has  been  said  about  the  chapter  Mr.  Humphrey, 
on  waterproofing.  Mr.  Wason  has  said  that  he  knows  of  integral  water- 
proofing compounds  that  have  been  used  advantageously.  It  seems  to  me 
that  if  the  concrete  cracks,  the  mere  fact  that  integral  waterproofing  mate- 
rial was  used  is  not  going  to  stop  leakage  at  the  crack.  The  committee 
has  the  belief  that  if  concrete  is  properly  proportioned  and  mixed,  it  can 
be  made  sufficiently  dense  to  prevent  the  passage  of  water.  In  Philadel- 
phia, during  the  construction  of  the  subway,  there  was  torn  out  around 
the  City  Hall  a  granolithic  pavement  laid  about  1882;  it  had  i/4  in.  rein- 
forcing rods,  such  as  it  was  the  practice  to  use  at  that  time;  in  a  number 
of  cases  the  rod  was  within  i/i  in.  of  the  surface,  where  it  was  exposed 
to  the  weather,  and  those  rods  came  out  perfectly  clean  without  any 
appearance   of   rust. 

The  proponents  of  the  integral  compounds  are  making  statements*  as 
to  their  value;  if  they  woxild  reverse  their  position  and  put  themselves 
in  the  position  of  the  members  of  this  committee  and  take  the  p,ublished 
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Mr.  Humphrey,  tests  and  balance  the  results  of  those  tests  against  the  claims  of  those 
who  have  these  compounds  for  sale^  they  would  understand  why  the  com- 
mittee reached  the  conclusion  given  in  the  report.  Mr.  Rhett  speaks  about 
the  tests  in  St.  Louis  published  in  Technologic  Paper  No.  3.  At  the  time 
that  series  of  tests  was  undertaken,  there  was  a  widespread  use  of  machines 
for  making  cement  building  blocks;  in  order  to  make  cheap  blocks,  it  was 
the  practice  to  use  one  part  cement  and  as  .high  as  ten  parts  of  sand,  and 
it  was  also  the  practice  to  use  waterprooting  to  overcome  the  defects  of 
badly  proportioned  mortars  and  make  them  stand  up  even  in  ordinary 
weather  exposures.  Now  it  was  at  that  time  that  the  Structural  Materials 
Testing  Laboratories  at  St.  Louis  purchased  in  the  open  market  waters 
proofing  compounds  all  over  the  country  and  conducted  those  tests.  The 
tests  were  made  on  lean  mortar  for  the  purpose  of  testing  the  efScaby  of 
these  waterproofing  compounds  or  any  new  ones.  Concrete  was  also 
tested  in  connection  with  that  series  of  tests.  The  men  who  had  charge 
of  those  tests,  including  the  speaker,  had  no  proprietary  interest  in  the 
tests  and  was  ready  to  see  any  virtue  in  the  waterproofing  materials  used. 
The  unmistakable  conclusion  of  those  tests  was  that  the  same  or  better 
results  could  be  obtained  by  the  use  of  the  ordinary  ingredients  of  con- 
crete properly  proportioned  and  mixed.  Now  it  seems  to  the  speaker  that 
if  those  who  believe  that  waterproofing  materials  are  desirable  will  devote 
their  energy  to  submitting  to  the  committee  the  proof  of  it  in  supporting 
tests,  they  will  be  helping  their  cause  a  great  deal  more  than  by  merely 
telling  about  it  in  words. 


General  Discussion. 

W.  A.  SLATER.-^Tliere  are  two  questions  I  want  to  ask  for  informa-  Mr.  Slater, 
tion  for  the  use  of  the  Joint  Committee:  The  first  alternate  of  Section  28 
has  as  its  first  sentence  a  statement  which  I  believe  is  the  source  of  part 
of  the  misunderstanding  or  part  of  the  misconception  as  to  the  results 
of  this  specification.  This  section  starts  as  follows :  "The  proportions 
of  cement,  water  and  aggregate  shall  be  such  as  to  produce  concrete  of 
the  strength  and  quality  specified  in  sections  three  and  four" ;  and  tlien 
the   following:     "The   proportions   shall   be   one   part   of   portland   cement, 

parts  of  fine  aggregate,  etc."     The  indication  seem^  to  be  that  the 

committee  is  specifying  both  the  strength  of  the  concrete  and  the  pro- 
portions, and  it  seems  quite  likely  that  it  is  on  that  feature  that  has 
hinged  a  great  deal  of  the  discussion.  It  was  not  the  intention  of  the 
committee  to  specify  both  strength  and  proportions,  and  the  question  I 
wish  to  ask  is  whether,  if  this  section  were  to  be  modified,  either  by  the 
omission  of  the  first  sentence  or  by  some  other  provision  which  would 
make  it  clear  that  it  does  not  specify  both  strength  and  proportions,  the 
remedy  would  make  the  first  of  the  alternates  of  Section  28  acceptable  to 
those  who  have  most  objected  to  it? 

My  second  question  has  to  do  with  the  second  alternate  of  Section  28. 
That  section  provides  for  the  furnishing  by  the  contractor  of  concrete  of 
a  given  strength,  and  lays  down  no  specifications  as  to  how  the  concrete 
shall  be  proportioned  in  order  to  obtain  that  strength.  Undoubtedly  there 
are  jobs  in  which  there  is  no  engineer  independent  of  the  contractor,  and 
if  it  were  left  to  the  engineer  to  see  that  the  proper  proportions  and  proper 
strength  were  obtained,  it  would  be  simply  putting  it  up  to  the  contractor 
after  all.  In  order  to  take  care  of  those  cases  where  there  is  no  inde- 
pendent engineer,  would  it  be  satisfactory  to  the  contractors  who  are  here 
represented  if  a  clause  were  introduced  into  this  section  which  specifies 
that  in  cases  where  no  engineer  independent  of  the  contractor  is  employed, 
the  contractor  shall  use  materials  so  proportioned  and  mixed  as  to  pro- 
duce concrete  of  the  required  workability  and  strength,  the  remainder 
of  the  section  presumably  reading  as  it  now  stands. 

DeF.  H.  Dixon. — I  would  like  to  ask  one  question,  first,  of  Mr.  Slater,  Mr.  Dixon, 
and  that  is  this :  alternate  2  provides  for  a  specification  of  concrete  for 
strength;  alternate  3  provides  for  specification  by  proportions;  therefore, 
I  do  not  understand  what  the  idea  is  in  alternate  1.  If  alternate.  1  does 
~not  mean  to  specify  concrete  by  both  strength  and  proportions,  what 
does  it  mean?     Because  in  2  and  3  you  covered  the  two  separate  cases. 

Prof.   Slater. — I  did  not  realize  that  there  was   any  question  as  to  „    slater 
the  further  meaning  of  the  first  alternate  of  Section  28.     The  purpose  of 
that  section  is  to  require  in  cases  where  that  alternative  is  selected  that 
the  proportions  shall  be  specified  rather  than  the  strength,  but  that  those 
proportions  shall  be  based  upon  tests  which  have  previously  been  made 
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Prof.  Slater. 


Mr.  Dixon. 


Mr.  Slater. 


Prof.  Talbot. 


Mr.  Humphrey, 


Prof.  Talbot. 


Mr.  Lord. 


Mr.  Dixon. 


to  determine  what  strength  may  be  reasonably  expected  from  the  materials 
to  be  used.  If  it  does  not  express  that  idea  the  committee  should  have 
the  fact  brought  out  and  should  make  the  necessary  changes. 

Mr.  Dixon. — Yes,  but  the  point  is  that  at  the  present  time  in  Section  4 
you  state  what  strength  in  concrete  is  as  soon  as  you  refer  to  that;  you 
do  specify  both  strength  and  proportions. 

Me.  Slater. — ^Apparently  some  things  we  supposed  were  understood 
are  not  clear.  The  distinction  between  the  three  alternates  of  Section  28 
as  intended  is  as  follows :  The  first  section  specifies  proportions  based 
upon  strengths  found  from  tests  made  previous  to  the  beginning  of  the 
work. 

Prof.  Talbot. — Or  before  the  letting  of  the  contract.  I  have  asked 
that  question  several  times  and  never  got  the  same  answer.  There  is 
nothing  definite  here  as  to  whether  this  is  to  be  filled  out  before  the 
contract  is  let.  I  cannot  see  how  it  could  be  filled  out  afterwards  with 
any  justice. 

Mr.  Humphrey. — That  is  the  understanding.  It  is  to  be  filled  in  by 
the  engineer  before  the  contract  is  let. 

Prof.  Talbot. — Others  have  said  you  have  got  to  wait  until  you  find 
what  material  is  going  to  be  used;  this  contractor  intends  to  use  this 
material  and  that  contractor  intends  to  use  that,  and  after  the  contract 
is  left,  the  material   is  to  be  determined. 

Mr.  Lord. — If  Mr.  Slater  will  yield  the  floor  for  just  a  moment,  1 
think  it  is  the  general  understanding  of  the  Joint  Committee  itself  that 
the  first  alternate  of  Section  28  is  intended  to  apply  to  a  large  building 
where  it  is  possible  for  the  engineer  to  go  to  the  expense  of  making 
proper  tests,  and  from  the  results  of  those  tests  specifying  his  material 
by  proportions  in  advance  of  the  contract.  The  last  alternate  of  Sec- 
tion 28  is  intended  to  apply  to  a  very  small  structure  where  such  a  speci- 
fication is  not  warranted  and  where  the  engineer  is  forced  to  specify 
arbitrarily  without  such  tests  what  mixtvires  shall  be  used  where  the 
tables  are  relied  on,  and  some  substitute  for  those  tables  must  be  found 
to  make   it  workable  for   small  buildings. 

Mr.  Dixon.^ — As  I  understand  Mr.  Slater,  the  intention  of  the  com- 
mittee was  to  make  alternate  1  cover  the  case  where  the  engineer  makes 
tests  before  he  writes  his  specifications  and  fixes  the  strength  in  that 
way,  and  that  alternate  3  was  left  for  a  case  where  he  did  not  have  time 
to  make  tests  and  he  went  to  Table  IV.  Now  so  far  as  the  purpose  of 
the  specification  is  concerned  I  do  not  see  any  distinction  there  myself. 
The  specification  by  proportioning  covers  both  those  cases ;  it  is  merely 
th.at  in  one  case  the  engineer  makes  some  tests  first  and  establishes  it 
himself,  and  in  the  other  case  he  goes  to  the  table.  I  do  not  think  myself 
that  in  a  standard  specification  reference  should  be  given  to  a  table  to 
establish  the  strength  of  the  concrete.  Certain  engineers  might  feel 
that  was  right  and  others  might  feel  it  was  not  right.  You  have  got  two 
ways   of   specifying   concrete:     one   is   by   strength,   putting   it   up   to    the 
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contractor,  and  the  other  is  by  proportion,  and  I  cannot  see  the  necessity   Mr.  Dixon. 

for  the  first  alternate  and  a  second  alternate  to  cover  the  slight  distinction. 

If  you  want  to  say  that  under  the  specification  by  proportion  the  engineer 

can  make  his  tests  himself,  or  if  he  cannot,  he  can  go  to  a  table,  all  right, 

but  I  do  not  think  it  is  necessary  to  write  a  table  for  your  specifications. 

When  you  do  it  becomes  confusing,  as  in  this  case. 

D.  A.  Abrams. — Mr.  Dixon  seems  to  feel  that  a  table  in  a  specifica-  Mr.  Abrams. 
tion  is  out  of  place.  As  a  matter  of  fact,  the  Iowa  State  Highway  De- 
partment for  the  past  year  or  more  has  a  table  in  its  specification  which 
provides  a  sliding  'scale  of  mixtures  based  on  the  proportion  of  sand  in 
the  gravel.  That  is  not  an  impossible  thing;  it  works,  and  there  is  no 
difficulty  about  it  so  far  as  I  can  see.  The  contractor  knows  exactly 
what  he  is  bidding  on;  there  is  no  mystery  abovit  it  and  it  provides  a 
remedy,  a  method  whereby  pit  run  gravels  which  are  clean  can  be  used 
with   entirely   satisfactory   results.      , 

Richard  L.  Humphrey. — Table  IV  is  not  a  part  of  the  specification ;  Mr.  Humphrey, 
it  is  put  in  for  convenience  just  as  reference  is  made  to  the  specifications 
of  the  American  Society  for  Testing  Materials.  They  may  be  printed  in 
the  appendix.  This  table  aids  the  engineer  who  has  not  time  to  make 
tests,  in  assuming  what  proportions  he  is  going  to  write  into  the 
specifications. 

N.  M.  LoNEY. — Mr.    Slater  asked   a  definite   question.      We   hold   that   Mr.  Loney. 
a  reading  can  be  made  of  this  first  paragraph  to  make  it  mean  that  the 
contractor  sells  concrete  by  strength.   If  that  can  ^e  taken  out,  there  is 
no  objection  to  it  whatever. 

Mr.   Lord. — We  have  an   answer  now  to  the   first  question   from   one  Mr.  Lord, 
of   the   contractors;    I    do    not   know   whether    the    others    would    care    to 
answer   it   difi'erently.      There   was   a   second   question   which   it   might   be 
worth  while  to  have  read. 

Mr.  Slater. — The  second  question  was  as  to  the  second  alternate  of  Mr.  S'ater. 
Section  28  which  specifies  merely  the  strength  of  the  concrete  without 
specifying  the  method  by  which  it  is  to  be  obtained.  If  that  section  were 
changed  so  as  to  make  it  apply  only  to  those  cases  where  there  is  no 
engineer  who  is  independent  of  the  contractor,  would  that  section  then 
be  satisfactory  to  the  contractor?  This  is  for  the  case  where  there  is  no 
engineer  to  settle  the  questions  which,  according  to  several'  who  have  dis- 
cussed these  subjects,  must  be  put  up  to  the  engineer. 

Mr.  Loney. — I  would  like  to  answer  that.  As  a  man  who  formerly  Mr.  Loney. 
wrote  specifications  on  which  buildings  were  constructed,  I  think  that  is 
putting  something  into  print  which  is  utterly  unworkable.  You  are  flying 
directly  in  the  face  of  any  code  which  may  exist,  and  I  cannot  imagine 
the  relation  between  the  contractor  and  owner  where  there  is  somebody 
representing  the  owner  who  would  have  to  R,ct  as  engineer  or  architect, 
at  least  nominally,  for  the  purpose  of  the  contract,  so  that  it  seems  to 
mfe  that  such  a  clause  could  not  possibly  be  inserted  in  an  engineering 
document,  if  you  want  to  call  it  such. 
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Mr.  Loney. 


Mr.  Turner. 


Prof.  Slater.  Pkof.  Slatee. — I  think  Mr.  Loney  has  gotten  at  the  root  of  the  thing 

in  that  expression,  "at  least  nominally  for  the  purpose  of  carrying  out  the 
contract."  If  no  independent  engineer  is  employed  the  "nominal"  engineer 
is  really  the  contractor  who  virtually  represents  the  owner,  and  we  fool 
ovirselves  if  we  place  responsibility  on  the  engineer  when  there  is  no 
responsible  engineer. 

Mr.  Loney. — Practically  that  specificatioji  would  mean  nothing  then, 
and  in  such  a  case  the  owner  places  himself  entirely  in  the  hands  of  the 
contractor,   and  the  specification   is  useless. 

H.  C.  Turner. — I  do  not  think  that  we  are  getting  anywhere  with  this 
discussion.  There  are  not  two  sides  to  the  question  of  reinforced-concrete 
structures.  As  long  as  we  have  had  reinforced  concrete,  contractors  have 
been  quite  as  much  interested  as  engineers  in  the  promotion  _of  better 
designs  and  better  construction,  and  the  division  which  seems  to  occur  now 
is  simply  over  two  propositions,  one  where  the  engineer  may  want  to  draw 
more  clearly  a  line  of  responsibility.  Certainly  the  contract  under  the 
altered  specification  would  impose  a  responsibility  on  the  contractor  which 
does  not  exist  in  other  forms  of  contracts  where  the  material  is  to  be 
furnished  by  the  contractor.  Quality  cannot  be  determined  at  the  time 
of  manufacture,  it  has  to  be  determined  at  some  future  date,  and  along 
with  that  there  is  great  uncertainty  which  is  recognized  by  everyone  here, 
the  great  uncertainty  as  to  the  strength  you  would  derive  by  the  cylinders 
when  tested  at  28  days.  We  have  an  uncertainty  in  cement  which  at  28 
days  we  have  reason  to  think  is  100%;  that  one  thing  is  of  itself  suflfl- 
„  cient  for  us  to  pause  in  any  consideration  or  plan  to  adopt  a  specifica- 

tion of  this  character.  We  certainly  must  pause  long  enough  to  deter- 
mine why  there  should  be  this  variation  in  the  strength  of  concrete  due 
to  the  one  element  of  cement. 

Then  we  have  the  other  element  of  a  want  of  greater  care  in  aggre- 
gates and  in  the  personal  equation  of  the  making  of  the  cylinders  and 
testing  them.  It  would  seem  that  until  the  art  had  progressed  further 
with  the  application  to  jobs  of  laboratory  research  work — until  the  time 
has  come  when  we  can  forecast  much  more  clearly  than  we  can  now,  we 
ought  not  to  attempt  to  bring  out  a  specification  of  this  kind.  There  is 
no  feeling  on  the  part  of  the  contractors'  committees  which  have  reported 
here,  who  were  appointed  by  the  President.  They  have  diligently  studied 
the  problem  without  bias,  withovit  any  preconceived  notions;  they  have 
studied  it  realizing  that  upon  them  would  come  certain  obligations  of 
a  very  serious  nature.  Properly  considered,  at  the  same  time,  their 
motive  is  a  motive  which  ought  not  to  be  questioned  and  is  not  questioned. 
Mr.  Humphiey.  E.ICHARD  L.  HUMPHREY. — The  speaker  would  like  to  suggest  that  the 

committee  is  deeply  grateful  for  all  the  suggestions  and  criticisms  that 
have  been  offered  as  to  this  specification.  It  was  put  forward  with  that 
end  in  view,  and  he  would  ask  those  who  feel  that  this  specification  is 
not  right,  instead  of  criticising,  to  send  to  the  committee  something 
constructive  which  they  think  will  improve  the  specification,  if  section  28, 
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for    example,    is    not    satisfactory,    will    those    who    object    to    it    write    a   Mr.  Humphrey, 
section  28  which  they  think  would  be  more  satisfactory? 

Edwaed  Godfrey  (hy  letter). — Several  members  of  the  Joint  Com-  Mr  Godfrey, 
mittee  have  assured  me  that  some  of  my  ideas  were  incorporated  in  the 
new  report.  The  new  report  does  in  fact  allow  the  only  kind  of  shear 
reinforcement  f6r  beams  that  can  be  analyzed  and  that  will  definitely  and 
positively  carry  the  end  shear,  the  only  kind  of  reinforcement  for  shear 
that  has  no  failure  to  its  credit,  the  kind  of  reinforcement  that  I  have 
been  fighting  for  for  fifteen  years.  I  refer  to  bent  up  and  anchored  main 
rods.  Not  a  patented  or  proprietary  thing  but  just  the  most  natural 
and  rational  reinforcement  imaginable. 

But  even  this  type  of  reinforcement  the  report  throttles  and  almost 
nullifies  by  an  absolutely  foolish  and  senseless  limitation  of  the  angle  of 
the  slope.  Because,  in  the  judgment  of  the  committee,  the  angle  shoiild 
he  limited  to  20  deg.  with  the  horizontal,  this  limitation  is  set.  Tests 
made  on  a  finished  building  by  Messrs.  Talbot  and  Slater  (Illinois  Experi- 
ment Station,  Bulletin  No.  64)  show  excellent  results  on  bent  up  and 
anchored  rods  flatter  than  this  report  allows — high  stress  in  the  rods 
and  not  a  crack  in  the  beams.  The  same  bulletiif  describes  tests  on  stirrup  ,  - 
installations  and  bent  up  and  not  anchored  rods.  The  stirrups  and  Un- 
anchored  rods  were  in  compression,  and  the  beams  were  cracked.  Yet 
they  ask  me  to  produce  evidence,  facts  to  prove  my  contention.  In  the 
name  of  all  that  is  true,  what  better  evidence  could  I  hope  for  or  produce  - 
than  these  results  of  tests  made  by  the  very  men  who  have  opposed  my 
stand  and  fought  against  it  for  so  many  years? 

This  new  report  administers  oxygen  to  the  stirrup  or  short  shear 
member  in  a  desperate  effort  to  keep  it  alive  a  few  years  longer.  Stirrups 
must  now  be  anchored  to  top  and  bottom  steel,  and  the  top  steel  must  be 
anchored  to  the  supports.  Thus  continuity  of  shear  reinforcement  and 
end  anchorage  of  the  same  are  at  last  recognized.  These  are  the  things 
I  have  fought  for  so  long.  They  are  both  effected  by  the  use  of  bent  u~p 
and  anchored  rods,  and  the  latter  do  it  in  a  manner  that  is  vastly  superior 
to  the  stirrup  system. 

But  there  are  anchors  and  anchors.  A  stirrup  with  a  fish-hook  bend 
around  a  horizontal  rod,  as  described  by  this  report,  is  anchored  in  name 
only  and  not  in  fact,  and  even  with  all  of  this,  if  the  stirrups  are  vertical, 
we  shall  have  a  system  where  the  stirrups  cannot  act  until,  as  Prof. 
Talbot  has   demonstrated,   the   concrete  web   has   failed. 

One  of  the  worst  features  of  the  present  report  is  the  exceedingly 
high  unit  shear  allowed  on  beams.  The  unit  stress  of  240  lb.  per  sq.  in., 
allowed  in  this  report,  is  acknowledged  by  Mr.  Slater  to  be  about  the 
unit  stress  at  which  his  I-beam  tests  began  to  fail  in  the  nominal  webs. 
And,  based  on  the  test  beam  without  a  concrete  web,  these  webs  were 
taking  only  half  the  shear.  In  a  concrete  beam  in  practice  this  would 
not  be  the  case,  for  the  concrete  would  be  taking  all  of  the  shear.  This 
would  lower  the  point  of  incipient  failure  to  something  like   120  lb.     In 
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Mr.  Godfrey,  any  event,  it  is  clearly  demonstrated  that  a  beam  with  the  shear  allowance 
of  this  report  would  be  sure  to  crack  when  the  bare  safe  load  was  placed 
upon  it.  That  is,  it  would  have  a  shear  crack — have  the  value  of  the 
concrete  web  destroyed  as  a  shear  carrying  element  of  the  design.  And 
yet  that  same  concrete  web  is  counted  on  to  carry  a  large  portion  of  the 
shear.  Here  is  one  of  the  many  questions  that  no  one  has  answered.  How 
can  a  concrete  web  carry  40  lb.  per  sq.  in.  of  shear  when,  by  the  very 
conditions  of  the  design,  it  will  be  cracked  when  the  safe  load  is  reached? 

The  new  rejjort  gives  a  hypodermic  to  the  rodded  column  to  prolong 
its  life  by  reducing  the  unit  stress  and  stiffening  up  the  requirements  for 
the  spacing  and  size  of  ties.  A  shaft  of  plain  concrete  with  a  slender  rod 
in  each  corner  and  wires  enough  to  hold  those  rods  in  place  during  the 
hardening  of  the  concrete  was  a  standard  and  accepted  column  only  a  few 
years  ago.  This  thing  died  in  1916  in  spite  of  a  whole  army  of  engi- 
neering doctors  who  defended  it  and  endeavored  to  keep  it  alive. 

The  new  report  makes  the  rodded  column  a  little  less  dangerous,  and 
New  York  engineers  are  squealing  because  they  can  design  cheaper  by  the 
New  York  Building^  Code. 

The  unit  compression  of  beams  and  slabs  is  jumped  from  650  to  800  lb., 
and  the  bending  moment  of  continuous  beams  and  slabs  •  is  reduced  from 
WL/12  to  WL/16.  Here  is  a  degradation  in  design  that  means  a  beam 
or  slab  by  this  standard  would  have  to  be  increased  in  strength  64  per 
cent  to  bring  it  up  to  the  standard  of  the  1916  report.  In  spite  of  this 
New  York  engineers  are  squealing  again  because  they  can  design  beams 
and  slabs  cheaper  by  their  code.  The  safety  of  a  building  code  is  not  to 
be  judged  by  the  size  of  the  city:    neither  is  the  safety  of  the  buildings. 

In  1915  before  this  convention  a  report  was  made  of  some  very 
elaborate  tests  alleged  to  be  on  reinforced-concrete  columns,  but  in  fact 
on  piers,  and  so  defined  in  the  then  existing  Joint  Committee  report,  and 
chunky  piers  at  that.  On  the  basis  of  these  tests  on  piers  ( as  I  pointed 
out)  standards  of  designing  columns  were  made  and  defended.  The  pres- 
ent report  says  a  column  is  something  three  times  as  high  as  its  diameter. 
What  are  dictionaries  and  facts  when  you  have  a  lot  of  nice  tests  that 
would  be  worthless  without  that  definition?  What  is  the  use  of  majority 
votes  if  they  cannot  make  a  column  out  of  any  old  thing  that  the  majority 
sees  fit  to  make  it  of?  And  what  are  majority  rulings  for,  if  individual 
engineers  cannot  take  a  smug  position  behind  a  whole  committee  and 
fire  off  rulings  to  their  hearts'  content,  with  one  master  ruling  to  hide 
behind,  that  no  excuse  whatever  is  to  be  offered  by  the  committee  or  any 
member  of  it  for  anything  the  committee  may  see  fit  to  put  in  their  report? 

By  their  absurd  formula  for  hooped  columns,  by  the  introduction  of 
the  hooped  column  with  a  cast-iron  core,  by  uniform  spacing  of  bars  across 
a  column  footing  out  to  the  edge,  by  prohibiting  sagging  of  reinforcing 
rods,  by  considering  the  counterfort  of  a  retaining  wall  a  triangular  beam, 
the  committee  seems  to  be  feeling  out  the  profession  to  see  how  many  pet 
]io1)bies  they  can  piit  across;  this  to  say  nothing  of  the  utterly  impracticable 
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tables    on   concrete    mixtures    and    rules    for    slump    tests,    also   hobbies    on   Mr.  Godfrey. 

designing — designing  concrete  mixes.     Some  one  had  a  hobby  on  stopping 

joints  in  the  middle  of  a  beam  or  slab  with  a  feather  edge    (Section  71). 

This,  I  understand,  has  not  much  support.    This  petty  log  rolling  would  be 

amusing  if  it  did  not  play  witli  human  lives  and  valuable  property  as  a 

pawn. 


AMERICAN  CONCRETE  INSTITUTE. 

BUSINESS   REPORTS 


Report  of  the  Board  of  Direction  to  the  Convention. 

The  Institute  lias  come  through  a  ratlier  bad  business  year  in  good 
shape  although  the  progress  has  not  been  as  great  as  we  had  hoped  to 
make. 

On  February  1,  1921,  we  had  542  active  members  and  85  supporting 
niembers,  a  total  of  627.  We  lost  in  the  year  one  supporting  member  and 
increased  our  active"  membership  by  ISO,  giving  a  total  membership  Feb- 
ruary 1,  1922,  of  806,  a  gain  of  29%.  The  increase  in  two  years  has  been 
378,  or  more  than  88%, 

Since  we  had  a  membership  of  1000  as  a  goal  on  Feb.  13  and  not  on 
Feb.  1,  it  seems  only  proper  to  get  a  little  ahead  of  the  formal  annual 
report  by  announcing  that  between  Jan.  31  and  Feb.  13  we  added  51  new 
members,  bringing  the  total  to  864,  237  more  than  at  our  last  convention, 
and  within  136  of  the  goal  of  1000,  making  the  increase  since  our  last 
convention  37%. 

It  is  reasonable  to  expect  that  we  may  realize  our  immediate  goal  of 
1000  before  the  convention  adjourns  or  very  soon  after  as  a  result  of  the 
work  done  by  local  membership  committees  in  twenty-two  cities  and  direct 
from  the  secretary's  office.  Cleveland  is  a  fruitful  city  and  if  our  active 
members  will  give  us  a  boost  we  should  be  able  to  adjourn  this  convention 
happy  in  the  thought  that  the  Institute  has  made  promising  strides.  May 
we  have  your  help?  After  we  have  passed  the  1000  mark,  the  growth 
should  be  easier. 

Business  conditions  last  year  dissuaded  us  from  active  solicitation 
of  supporting  members  but  there  are  many  corporations  in  the  field  who 
no  doubt  will  come  to  see  how  very  definite  is  the  service  given  by  the 
Institute  to  the  progress  of  concrete  construction.  As  the  success  of  these 
corporations  is  wrapped  up  in  that  progress,  we  expect  to  persuade  more 
and  more  of  them  that  in  helping  the  Institute  to  do  its  work  they  are 
really  helping  themselves  in  the  broadest  and  soundest  way. 

On  the  subject  of  finance,  the  Directors  established  a  budget  system 
in  the  fall  of  1919  setting  up  definite  sums  for  each  item  of  expense  and 
with  an  eye  fixed  on  the  probable  yearly  income.  You  will  be  interested 
to  know  that  we  have  kept  within  our  income.  For  the  last  fiscal  year 
ending  June  30,   1921,  we  received  $14,138.-08  and  expended  $11,955.91. 

The  1920  Proceedings  were  paid  for  out  of  the  money,  leaving  the 
1921  Proceedings  to  be  paid  oiit  of  our  surplus  and  the  income  for  this 
fiscal  year.  These  Proceedings,  Vol.  17,  cost  $5306.78,  and  included  the 
valuable  Westergaard-Slater  Report. 

(398)       . 
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The  Receipts  and  Expenditures  for  the  fiscal  year,  July  1,  1920,  to 
June  30,  1921,  were  as  follows:  [These  figures  are  included  in  an  abstract 
of  the  auditor's  report  elsewhere  in  these  papers  and  are  therefore  omitted 
from  this  report  as  presented   at  the  convention. — Ed.] 

The  complete  audit  of  the  Public  Account,  Albert  E.  Home,  to  .the 
end  of  the  last  fiscal  year  will  appear  in  the  Proceedings   (P.  410). 

There  is  great  need  for  more  money  to  undertake  construction  work 
for  the  members,  investigation  and  rej)orts  on  concrete  products,  ~ large 
sized  column  tests  to  warrant  the  adoption  of  new  column  formulae,  more 
work  to  determine  the  effect  of  water  in  the  strength  of  concrete,  deter- 
mination of  methods  to  more  closely  forecast  the  strength  of  concrete,  a 
new  series  of  tests  to  give  "us  more  knowledge  of  the  effect  of  length  of 
time  of  mixing  on  the  strength  of  concrete,  etc.,  etc.  All  of  this  work 
should  be  definitely  mapped  out  in  the  interest  of  the  proper  growth  oi 
the  industry. 

As  a  result  of  the  adoption  of  the  report  of  the  Committee  on  Organi- 
zation, whose  work  was  freely  reported  in  the  News  Letters,  we  have 
greatly  increased  and  more  definitely  assigned  committee  activities.  A 
year  ago  we  had  21  standing  committees.  Now  we  have  provided  for  "o 
■ — three  of  them  not  yet  fully  organized.  One  old  committee  has  been  dis- 
continued; the  present  program  includes  13  new  ones.  There  are  five 
general  committees,  seven  on  engineering,  six  on  special  structures,  six  on 
contractors'  problems,  seven  on  concrete  products. 

This  reorganization  and  reassignment  of  committee  work  has  given 
evidence  of  a  sincere  effort  to  the  developments  of  the  field.  Appreciation 
has  been  shown  in  the  increased  membership.  A  considerable  number 
of  new  members  from  the  products  manufacturing  field  shows  that  that 
field  is  responsive  to  an  increased  consideration  of  its  problems.  Concrete 
products  manufacturers  of  the  more  progressive  kind  have  been  quick 
to  see  that  the  Institute  can  do  for  their  branch  of  the  industry  what 
no  other  organization  can   do  in  creating   standards. 

There  is  also  an  increased  interest  in  the  Institute  among  contractors. 
The  Board  has  made  a  special  point  of  furthering  a  policy  of  bringing  the 
Institute's  work  into  closer  accord  with  the  practical  problems — ^endeavor- 
ing to  translate  into  practice  on  the  work  our  constantly  developing 
knowledge   of  how   to  make  good   concrete. 

The  Institute  has  for  several  years  back  leaned  strongly  to  engineer- 
ing problems,  to  theory  and  to  research  and  it  is  not  in  carrying  out  its 
present  policy  departing  from  that  line  of  study,  but  is  trying  to  reduce 
it  to  the  terms  of  its  application  to  the  job. 

It  has  also  been  the  policy  of  the  Institute  to  bring  its  activities  more 
and  more  to  the  attention  of  those  who  are  and  who  might  be  interested  by 
the  publication  of  its  occasional  News  Letters  and  by  active  co-operation 
with  the  technical  press  which  must  always  be  an  ally  of  the  technical 
society  in  presenting  its  message.  The  Institute  has  recently  published  a 
little  pamphlet  briefly  setting  forth  what  it  is  doing  and  what  it  is  trying 


400  Report  of  the  Board  of  Direction. 

to  do  and  has  given  it  considerable  circulation  with  good  results  in  getting 
new  members.  A  new  and  slightly  revised  edition  of  this  pamphlet  will 
soon  be  published.  There  will  also  be  issued  as  soon  as  practicable  after 
this  convention  a  News  Letter  presenting  a  digest  of  its  work  with  the 
idea  not  only  of  reporting  the  convention  in  skeleton  form  to  those  who 
could  not  attend,  but  also  to  put  into  the  hands  of  members  ammunition 
with  whicii  to  seek  new  membership  support.  The  Institute  does  not  wish 
to  dwell  unduly  on  the  subject  of  membership  but  every  additional  member 
adds  to  our  moral  strength  in  upholding  our  standards  and  reduces  the 
per  capita  cost  of  these  publications,  leaving  a  greater  margin  for  increased 
activity. 

Most  of  the  committees  are  functioning,  although  not  all -have  reports 
this  year.  It  will  probably  be  impossible  always  to  consider  reports  from 
all  of  our  committees  at  any  one  convention.  Organization  in  many  cases 
was  late  in  being  completed,  but  some  of  the  committees  have  accomplished 
a  great  deal  in  a  short  time.  Committee  work  of  this  kind  must  of  course 
be  done  at  some  sacrifice  of  immediate  personal  consideration.  Those  who 
are  very  active  in  committee  work,  however,  see  the  broader  results 
which  are  possible  and  the  things  which  may  be  achieved  for  the  industry 
as  a  whole  from  which  they  will  have  their  proper  share  of  benefit.  It 
ic  inevitable  also  that  some  members  of  the  Institute  should  feel  that 
they  should  have  been  appointed  to  certain  committees,  but  appointment 
depends  upon  many  considerations,  and  it  is  not  practicable  nor  advisable 
to  have  a  committee  made  up  of  too  many  men  of  a  single  line  of  thought. 
Every  committee  man  was  appointed  for  a  definite  reason,  in  order  to  givt- 
to  each  committee  a  breadth  of  thought  and  many  angles  of  thought  uii 
each  committee  problem.  If  the  chairman  and  secretary  of  a  committee 
get  to  work  too  late  in  formulating  a  report,  that  report  cannot  have  in 
it  the  breadth  and  soundness  which  can  be  given  it  by  the  combined 
thought  of  all  the  members  of  the  committee.  Next  year's  committee  work 
should  be  started  early.  If  members  are  geographically  scattered,  the 
work  takes  a  much  longer  time.  The  Board  of  Direction  urges  very 
strongly  that  each  committee's  program  for  next  year  be  gotten  started 
promptly  so  that  whatever  report  is  made,  it  will  be  as  broad  and  as 
mature  in  its  observations  and  specifications  as  a  broadly  experienced 
personnel  will  permit.  The  chairman  and  secretary  of  each  committee 
must  of  necessity  initiate  a  great  deal,  but  it  should  not  stop  there. 

It  is  not  necessary  to  comment  on  the  work  of  this  year's  commit- 
tees. That  work  is  largely  here  before  you  at  this  convention.  A  great 
deal  of  committee  work  has  been  done  carefully  and  thoroughly,  and  the 
reports  presented  are  well  considered,  and  mark  real  advance  in  the 
progress  of  our  field.  The  program  seems  to  be  stronger  than  usual  in 
subject   matter    which    attempts    to    solve    the   problems    that    are    really 
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bothering  the  men  who  are  doing  work  of  one  kind  or  another  in  the 
concrete  field.  That  is  what  the  Institute  is  for.  We'd  like  to  have  you 
feel  that  and  carry  the  Word  to  others  who  are  not  with  us  now. 

In  conclusion  the  Board  wishes  to  repeat  that  in  the  last  year,  a 
period  of  unusual  business  inactivity,  the  Institute  has  increased  its 
membership  37  percent;  has  borne  an  increased  cost  for  its  publications 
and  yet  is  in  a  little  better  financial  condition  than  a  year  ago  and  has 
produced   a   better    convention    program. 


ABSTRACT  OF  MINUTES  OF  MEETINGS  OF  THE  BOARD  OP 
DIRECTION. 

Meeting,  New  York  City,  May  0,  1021. 

Present:  President  H.  C.  Turner,  Messrs.  Wason,  Pearson,  Boyer, 
Secretary  and  Treasurer  Whipple. 

The  secretary  reported  that  in  accordance  witli  action  of  the  Board  Feb. 
l(i,  A.  E.  Home  made  an  audit  of  the  Institute  accounts  for  the  period 
from  June  30,  1920,  to  li'ebruary  15,  1921,  inclusive,  and  that  certified  copy 
of  the  audit  was  furnished  the  retiring  treasurer,  R.  W.  Lesley,  at  satis- 
factory relinquishment   of  responsibility. 

The  treasurer  reported  an  Institute  account  opened  at  the  National 
Bank  of  Commerce,  Detroit,  and  that  the  Institute's  $3000  in  Victory 
Bonds  had  been  transferred  for  safekeeping  from  the  Girard  Trust  Co., 
Philadelphia,  to  the  National  Bank  of  Commerce,  Detroit. 

President  Turner  reported  that  in  accordance  with  action  of  the  Board 
of  Direction  February  16  he  obtained  a  bond  for  the  secretary  and  treas- 
urer in  the  sum  of  $10,000. 

The  treasurer  presented  a  survey  of  the  Institute's  finances  for  the 
fiscal  year  ending  June  30,  1921,  showing  receipts  and  expenditures  for 
the  first  ten  months  of  the  fiscal  year  and  an  estimate  of  receipts  and 
expenditures  for  the  remaining  two  months,  as  compared  with  the  financial 
budget  made  up  Oct.  I,  1920.  This  indicated  a  total  of  $14,049.12  income 
for  the  fiscal  year,  expenses  for  the  same  period  of  $12,028.23,  giving, 
according  to  the  estimate,  a  surplus  of  $2,020.79. 

The  secretary  was  authorized  to  investigate  facilities  for  and  general 
advisability  of  holding  the  next  convention  of  the  Institute  at  Cleveland. 
Pittsburgh,  or  Atlantic  City.  The  Secretary  presented  a  report  of  a  special 
Committee  on  Organization  (Subsequently  reconstituted  with  the  same 
membership  as  the  Advisory  Committee,  G-2 ) ,  appointed  in  February  to 
review  the  Institute's  technical  activities  and  to  make  recommendations 
as  to  the  committee  reorganization  personnel,  and  subject  matter  of  inves- 
tigation. The  report  was  received  and  its  recommendations  with  slight 
amendment  adopted.  The  president  was  authorized  to  express  to  the 
members  of  the  Committee  on  Organization  appreciation  of  their  detailed 
work  in  connection  with  the  report.  Because  this  report  involves  not  only 
the  immediate  program  of  various  committees,  but  the  appointment  of 
new  standing  committees  and  the  adoption  of  some  matters  in  relation  to 
general  policy,  the  following  outline  of  these  more  prominent  features  of 
the  report   is  presented  herewith : 

In  setthig  down  an  outline  of  the  Iiistituto's  s'''ieral  p  >lic.v.  the  report  of 
the  Committee  on  Organization  reminds  the  Institute  memliership  of  the  hreadtti 
of  field  of  worlc  of  the  Institute  set  forth  under  the  heading  "Objects"  in  thf 
original   charter  : 
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"To  disseminate  infornuxtion  and  experience  upon  and  to  promote  the  best 
methods  to  be  employed  in  the  uses  of  cement  by  means  of  Convention,  the 
reading  and  discussion  of  papers  upon  materials  of  a  cement  nature  and  their 
uses  .  .  .  and  to  circulate  among  its  members  by  means  of  publications,  the 
information   thus  obtained." 

In  its  relations  to  the  work  of  other  organizations,  it  is  maintained  that 
the  Institute  should  adhere  strictly, to  the  right  of  independent  action  upon  any 
matter  within  its  field,  but  to  insure  at  all  times  a  knowledge  of  progress  in 
other  drganizations,  there  shall  be  officially  designated  visiting  memberships  from 
our  committees  in  similar  committees  of  other  organizations  whenever  this  is 
agreeable  to  the  other  organizations  affected,  and  this  arrangement  be  made 
reciprocal   by   welcoming   visiting  memberships  from  other   organizations. 

In  considering  the  membership  of  the  Institute  as  divided  among  three 
groups  of  interest  (Engineering  Design  and  Inspection,  Contracting  and  Concrete 
Products  Manufacture),  it  seemed  desirable  to  consider  this  grouping  merely  as 
classifying  the  viewpoint  and  scope  of  interest  of  the  members  of  the  Institute 
and  not  to  use  it  as  a  basis  for  dividing  Institute  work,  as  so  many  of  the 
problems  of  the  held  depend  for  their  solution  upon  the  co-operatiou  of  two  or 
more  of  the  groups.  On  this  same  basis,  it  was  recommended  that  the  Conven- 
tion of  the  Institute  should  not  be  held  in  overlapping  sections.  As  affecting 
work  of  committees,  certain  committee  rules  and  policies  were  adopted.  These 
are   summarized  as  follows  : 

The  reports  of  all  committees  shall  be  made  to  the  Secretary's  office,  which 
shall  be  the  clearing  house  for  all  of  the  work  of  the  organization. 

Bach  Institute  committee  shall  have  a  secretary  whose  duties  will  be  to 
co-operate  with  the  chairman  of  his  committee  and  to  the  fullest  by  arranging 
meetings  and  by  carrying  on   correspoudence. 

The  chairman  and  secretary  of  each  committee  shall  advise  the  Secretary 
of  the  Institute  of  the  program  of  the  work  and  suggest  for  consideration  of  the 
Advisory   Committee  changes  in  committee  personnel. 

The  work  of  committees  is  to  be  assigned  definitely  by  the  Board  of 
Direction. 

The  sub-division  of  committee  work  should  be,  whenever  possible,  in  sub- 
committees arranged  by  each  committee  for  itself,  sub.iect  to  the  approval  of 
the  Board  of  Direction  through   the  Advisory   Committee. 

Whenever  the  work  of  one  Institute  Committee  is  of  special  concern  in  the 
work  of  another  Institute  Committee,  it  is  recommended  as  a  general  policy  that 
there  be  an  exchange  of  official  representation  between  committees.  Any  com- 
mittee may  ask  for  this  representation  at  any  time.  The  member  appointed  to 
represent  his  committee  in  the  deliberation  of  another  committee  to  which  he  is 
accredited,  shall  be  definitely  instructed  by  his  committee,  so  as  to  act  for  his 
committee  rather  than  as  an   individual. 

In  organizing  committees  the  President  and  Board  of  Direction  after  decid- 
ing upon  the  chairman  and  secretary,  shall  defer  as  far  as  possible  to  their 
ideas  in  the  appointment  of  additional  committee  members. 

As  a  general  policy  the  Institute  shall  do  as  much  as  possible  of  its  work 
through  independent  committee  action  and  with  the  aid  of  visiting  members  on 
the  committees  of  other  societies  rather  than  through  Joint  Committees,  it  being 
felt  that  a  report  of  a  Joint  Committee  is  apt  to  represent  a  compromise  which 
does  not  adequately  set  forth  the  ideas  of  each  parent  organization. 

Institute  committees  are  noiv,  under  the  Board's  action  on  the  Organization 
Committee's  report,  in  six  classifications  : 

1.  General   Committees 

2.  Joint  Committees 

3.  Committees    on    E.iginecrirg    Design    and    Inspection 

4.  Committees  on   Special   Structures 

5.  Committees  on   Construction 

6.  Committees  on  Concrete  Products  Manufacture. 
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Under  the  heading  General  Committees,  we  have  the  following: 

GENERAL   COMMITTEES. 

G-1  Committees,  consisting  of  the  chairmen  of  all  other  committees.  It 
will  meet  at  least  once  a  year  at  the  convention  when  the  program  for  the 
ensuing  year  will  be  considered  especially  with  a  view  to  co-ordinating  the  woi"k 
of  technical  committees,  avoiding  duplications  and  for  the  purpose  of  recommend- 
ing what  major  subjects  should  be  emphasized  in  the  year's  worlc  to  make  the 
program  of  the  most  immediate  practical  value.  Between  meetings  of  the 
committee  on  Committees,  this  work  will  be  carried  forward  by  a  small  Advisory 
Committee. 

G-2  Advisory.  This  committee  is  to  consider  and  recommend  to  the  Board 
of  Direction  the  acceptance  or  rejection  of  reports  proposed  for  presentation  at 
the  convention  with  a  view  to  limiting  the  consideration  of  some  subjects  and 
increasing  the  consideration  of  others,  to  make  the  best  balanced  convention 
program  ;  to  assume  duties  which  were  formerly  assigned  by  the  Board  of 
Direction  to  the  Program  Committee  and  take  over  the  duties  of  the  former 
committee  on  Publication.  Its  work  will  be  to  aid  the  Board  of  Direction  in  the 
Institute's  technical  activities  through  committees,  in  the  preliminary  details  of 
convention  and  the  preliminary  work  of  issuing  the  annual  Proceedings. 

Other  General  Committees  are  G-3  Form  of  Standards,  G-4  Nomenclature, 
G-5    Wason   Medal. 

JOINT   COMMITTEES. 

Committee  J-1,  the  Institute's  representation  on  the  Joint  Committee,  is 
acting  with  representatives  of  the  American  Society  for  Testing  Materials,  The 
American  Society  of  Civil  Engineers,  The  Portland  Cement  Association,  and  the 
American   Railway  Engineering  Association. 

J-2,  Concrete  Pipe,  is  the  Institute's  representation  on  the  Joint  Committee 
on  Concrete  Pipe  on  which  are  represented  the  American  Society  of  Civil 
Engineers,  American  Railway  Engineering  Association,  United  States  Bureau ' 
of  Public  Roads,  American  Society  for  Testing  Materials  and  American  Associa- 
tion of  State  Highway  Officials. 

ENGINEERING   DESIGN   AND    INSPECTION. 

E-1. — Reinforced  Concrete  Building  Design  and  Specifications  (Formerly 
Reinforced  Concrete  and  Building  Laws) . 

E-2. — Standardization  of  Units  of  Design. 
E-3. — Research. 
E-4. — Fire  Proofing. 
E-5.- — Aggregates. 
.    E-6. — Destructive   Agents  and   Protective   Treatments    (A   new   committee). 
E-7.-^Waterproofing    (A  new   committee). 

SPECIAL   STRUCTURES. 

■  S-1. — Reinforced   Concrete  Chimneys. 

S-2. — Reinforced   Highway   Bridges  and   Culverts. 

S-3. — Reinforced  and  Plain  Concrete  Sewers  and  Conduits.  (Eliminating 
from  the  consideration  of  this  committee  everything  of  the  pre-cast  type  of 
construction.) 

S-4. — Concrete  Storage  Tanks.     (Cast  in  place  structures  only.) 

S-5.^ — ^Reinforced  Concrete  Houses.      (Cast  in   Place  Structures  only.) 

S-6.— Concrete  Roads  and  Pavements. 
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contracting. 

C-1. — Contractors'  Plant. 
C-2. — Concrete  Floor  Finish. 
C-3. — Treatment   of   Concrete   Surfaces. 
C-4. — Metal  Forms. 

C-5. — Central  Mixing  and  Central  Proportioning  Plant.      (Such  a  committee 
was  not  appointed  last  year.) 
C-6.— Field  Methods. 

CONCRETE  PRODUCTS  MANUFACTURE. 

(All  these  committees  are  new,  replacing  a  former  committee  on  Concrete 
Products.) 

P-1. — Standard  Building  Units  (Including  block,  brick,  and  structural  tile). 

P-2.— Manufactured  Dimension  Stone.  (This  committee  was  not  organized 
last  year.) 

P  3. — Building  Regulations  for  the  Use  of  Concrete  Units.  (This  com- 
mittee was  not  organized  last  year.) 

P-4. — Concrete  Staves. 

P-5. — Fire  Resistance  of  Concrete  Building  Units. 

P-6. — Products  Plant  Operation. 

P-7. — Pipe,   Drain   Tile,   and   Conduit. 

The  Report  of  the  Committee  on  Organization  recognized  the  need  in  the 
near  future  of  other  committees  in  the  Products  Field  whose  work  should  include 
such  matters  as  Tanks,  Trays,  and  Burial  Vaults;  Roofing  Units;  Posts,  Poles 
and  Lighting  Standards,  and  other  concrete  products  specialties  and  ornamental 
work. 

Meeting,  New  York  City,  Oct.  6,  1921. 

Present:  President  Turner,  Past  Presidents  Humphrey  and  Hatt, 
Messrs.  Boyer,  Aslitdn,  Abrams,  Pearson,  and  the  Secretary. 

Minutes  of  the  Meeting  of  the  Board  of  Direction  held  May  6  having 
been  submitted  by  mail  to  the  members  of  the  Board  and  approved  by  a 
majority  of  the  members  of  the  Board  between  May  24  and  June  6 
were  not  read. 

Frank  C.  Wight,  editor  of  Proceedings,  Volume  17,  submitted  a  report 
of  the  cost  of  the  Proceedings  totalling  $4,993.79,  not  including  postage 
and  mailing,  nor  the  compensation  of  the  editor. 

The  secretary  was  requested  to  advise  contributors,  that  papers  will 
be  considered  for  presentation  with  the  understanding  that  the  Advisory 
Committee  shall  have  the  authority  to  exercise  its  discretion  in  editing 
material  before  final  presentation  in  the  Proceedings. 

Ballots  on  the  election  of  members  of  a  Nominating  Committee  were 
canvassed  with  the  result  that  the  five  having  the  highest  number  of  votes 
were  as  follows:  S.  C.  Hollister,  R.  F.  Havlik,  N.  M.  Loney,  J.  H.  Libber- 
ton,  J.  H.  Chubb. 

The  report  of  the  auditor,  A.  E.  Horne,  for  the  fiscal  year  ending 
June  30,  1921,  which  had  been  previously  submitted  to  the  Board  was 
considered  on  the  suggestion  of  President  Turner  on  the  showing  of  a 
surplus  of  .$9,407.15.  While  these  figures  were  admittedly  correct  on  the 
basis  of  the  Institute's  system  of  bookkeeping,  it  is  pointed  out  as  offering 
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the  possibility  of  misunderstanding  the  Institute's  financial  condition, 
and  that  in  publishing  the  auditor's  report  there  should  be  appended  an 
explanatory  note  to  the  effect  that  expenses  to  which  the  Institute  was 
committed  at  the  time  this  report  was  made  (which  commitments  do  not 
appear  on  the  books  of  the  Institute,  chief  among  them  being  the  cost  of 
the  Proceedings)  constitute  a  considerable  item  which  stands  as  a  legiti- 
mate offset  amounting  to  about  $5,000  to  the  apparent  surplus. 

The  report  of  the  auditor  was  accepted,  the  secretary  authorized  to 
file  it  and  publish  a  digest  of  it  in  the  next  annual  Proceedings. 

Special  note  was  taken  of  the  death  of  W.  C.  Robinson,  vice  president 
and  chief  engineer  of  the  Underwriters'  Laboratories,  Chicago,  a  member 
of  the  Institute  for  years,  held  in  high  personal  esteem  and  valued  for 
his  wise  council  especially  in  matters  of  fireproofing. 

There  was  a  discussion  of  the  likelihood  of  a  successful  membership 
campaign  in  the  months  prior  to  the  next  convention.  It  was  the  con- 
sensus of  opinion  of  the  Board  that  the  secretary  should  further  defer 
active  membership  work  until  November  or  December. 

The  secretary  was  requested  to  prepare  a  budget  covering  the  esti- 
mated income  and  expenditures  for  the  remainder  of  the  fiscal  year  and 
submit  it  to  the  Finance  Committee. 

The  secretary  presented  an  analysis  of  geographical  distribution  of 
the  Institute  members,  more  particularly  in  respect  to  the  previous  action 
of  the  Board  that  Pittsburgh,  Cleveland,  or  Atlantic  City  be  considered 
as  a  convention  place  for  1922.  It  was  found  that  79%  of  the  total 
membership  of  the  Institute  and  90%  of  the  membership  of  the  Institute 
within  the  United  States  lies  within  500  mile  circles  drawn  around  the 
cities  of  Chicago,  Pittsburgh,  Cleveland  and  Atlantic  City. 

The  secretary  was  authorized  to  make  arrangements  for  the  conven- 
tion to  be  held  in  either  Pittsburgh  or  Cleveland,  with  a  preference  for 
the  latter,  on  Monday,  Tuesday,  Wednesday  and  Thursday,  February  13, 
14,   15,  and  16,   1922. 

It  was  brought  to  the  attention  of  the  Board  that  a  request  had 
been  received  from  Secretary  Hoover  that  the  Institute  appoint  a  represen- 
tative from  its  membership  to  co-operate  with  the  Building  Code  Com- 
mittee of  the  Department  of  Commerce.  The  Advisory  Committee  had 
recommended  that  A.  R.  Lord,  chairman  of  the  Institute  Committee  E-1 
on  Reinforced  Concrete  Building  Design  and  Specification,  be  appointed  to 
co-operate  with  the  Building  Code  Committee.  The  Board  approved  this 
recommendation  and  the  secretary  was  requested  to  notify  Mr.  Lord  and 
the  Department  of  Commerce. 

Detailed  consideration  was  given  to  the  proper  elements  for  the  nex"t 
convention  program. 

The  following  resolution   was   adopted: 

Whereas,  American  Standard  Specifications  for  Portland  Conieiii  No.  1 
h.ave  been  approved  by  the  American  Engineering  Standard  Committee  represent- 
ing the  United  States  Government  and  the  engineering  an(,l  technical  societies 
of  this  country,  and 
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Whereas  these  specitieations  are  the  result  of  many  years  of  investigation 
and  study  by  co-operating  couiinjttees  consisting  of  the  leading  experts  in 
this  country  and  representing  the  United  States  Government,  the  American 
Society  of  Civil  Engineers,  the  American  Society  for  Testing  Materials,  the 
American  Railway  Engineering  Association,  the  American  Institute  of  Architects, 
and    other   engineering   organizations,    and 

Whereas  the  rapid  extension  in  the  uses  of  Portland  cement  concrete  in 
important  structures  in  which  the  use  of  materials  of  uniform  quality  is  highly 
essential  for  safe  construction. 

Therefore,  Be  It  ResoHied  that  the  Board  of  Direction  of  the  American 
Concrete  Institute  requests  its  members  to  adopt  the  American  Standard 
Specifications  for  Portland  cement  and  urges  them  to  co-operate  in  securing  the 
adoption  of  these  standard  specilications  by  all  engineers  and  architects  engaged 
in   Portland   cement   concrete  construction. 

Note  :  These  specifications  are  designated  as  "American  Engineering  Stand- 
ard Specifications  No.  1"  and  may  be  obtained  from  The  American  Society  for 
Testing  Materials,   1315   Spruce   Street,   Philadelphia,   Pa. 


Meeting  at  Clevel.\nd,  Feb.  13,  1922,  11.00  p.  m. 

Present:  President  Turner,  Vice  President  Anderson,  Past  President 
Humphrey,  Messrs.  Boyer,  Ashton,  Pearson,  Abrams,  and  Secretary  and 
Treasurer  Whipple. 

The  secretary  read  and  revised  a  report  of  the  Institute's  condition 
and  its  activities,  vs^hich  was  approved  for  presentation  by  the  secretary 
to  the  convention  at  the  business  session   February   14. 


Meeting  at  Cleveland,  Feb.  14,  1922,  12. .30  p.  m. 

Present :  President  Turner,  Vic  e-President  Anderson,  Past  President 
Humphrey,  'Messrs.  Boyer,  Ashton,  Pearson,  Abrams,  and  Secretary  and 
Treasurer  Whipple. 

Meeting  was  devoted  to  a  general  discussion  of  the  activities  of  the 
Institute  and  no  definite  action  was  taken. 


Meeting  at  Cleveland,  Feb.  K,  1922,  12.30  p.  m. 

Present:  President  William  P.  Anderson,  Vice-President  A.  E.  Lindau, 
Past  Presidents  Humphrey,  Wason  and  Turner,  Messrs.  Ashton,  Pearson, 
Abrams,  Nichols,  and  Secretary  and  Treasurer  Whipple. 

Harvey  Whipple  was  reappointed  Secretary. 

Authorization  was  given  that  all  voucher  checks  on  funds  of  the 
Institute  be  executed  with  the  signatures  of  the  three  officers  as  follows : 
President  W.  P.  Anderson,  (or  in  his  absence  or  incapacity  Vice  Presi- 
dent A.  E.  Lindau)  and  Treasurer  Harvey  Whipple,  and  Secretary  Harvey 
Whipple;  the  action  to  be  certified  to  the  National  Bank  of  Commerce, 
Detroit, 
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President  Anderson  was  requested  to  renew  at  its  expiration  the  bond 
of  the  secretary  and  treasurer  in  the  sum  of  $10,000,  with  the  American 
Surety  Company,  New  York. 

Retiring  President  Turner  reported  a  contract  entered  into  with  the 
Winston  Company  for  printing  the  1922  Proceedings,  this  contract  being 
on  record  in  the  secretary's  Office. 

Frank  C.  Wight  was  reappointed  editor  of  the  1922  Proceedings. 

The  secretary  was  requested  to  take  up  with  the  membership  com- 
mittees in  various  major  cities  the  matter  of  increasing  the  membership 
to  1000  by  the  end  of  the  present  fiscal  year  and  urge,  efforts  to  that  end. 

The  Secretary  was  requested  to  express  for  the  Board  of  Direction 
its  special  appreciation  of  the  service  of  Mr.  Frank  Hitchcock,  Chairman 
of  the  Washington,  D.  C,  membership  committee,  it  being  the  first  to  go 
"over  the  top"  in  securing  more  than  its  quota  of  new  members. 

Messrs.  Lindau,  Abrams,  and  Nichols  were  appointed  to  constitute 
the  Finance  Committee  of  the  Board. 

Messrs.  Turner,  Boyer,  and  Lindau  were  appointed  to  serve  with  the 
President  and  the  Secretary  as  the  Executive  Committee. 

The  Advisory  Committee  G-2  was  continued  with  the  same  member- 
ship as  last  year,  as  follows :  S.  C.  Hollister,  chairman,  A.  T.  Goldbeck, 
E.  J.  Moore,  N.  M.  Loney,  R.  F.  Havlik,  Harvey  Whipple,  secretary. 

The  secretary  was  authorized  to  refer  the  existing  standards  of  the 
Institute  to  the  Advisory  Committee  on  the  report  of  Committee  G-3, 
Form  of  Standards  that  none  of  thein  conforms  to  the  new  form  of  stand- 
ards recently  adopted  by  the  Board,  with  a  view  to  their  being  referred 
back  to  their  originating  committees  for  revision  in  form  and  in  substance 
as  may  be  required  to  bring  them  up  to  date,  the  Standards  as  revised 
to  be  reported  back  to  the  Institute  for  early  adoption  and  publication 
to  make  them   available  to  the   engineering   profession. 

The  Advisory  Committee  was  authorized  to  fix  the  date  January  1, 
1923,  as  a  time  limit  for  the  announcement  of  and  presentation  in  outline 
form  of  reports  and  papers  which  are  to  be  included  in  the  program  of  the 
1923  convention. 

The  Secretary  was  requested  to  ask  the  members  of  the  Institute 
what  in  the  program  of  the  Cleveland  convention  they  liked  best  with  a 
view  to  being  guided  somewhat  by  their  advice  in  the  work  of  the  Advisory 
Committee  in  outlining  the   1923  program. 

The  sum  of  five  hundred  dollars  ($500)  was  appropriated  as  the 
nucleus  of  a  fund  of  about  $6000  to  be  known  as  the  "Concrete  Building 
Units  Fire  Test  Fund"  and  the  Institute's  Committee  P-5:  Fire  Resist- 
ance of  Concrete  Building  Units  authorized  to  solicit  the  additional  funds 
necessary  to  pay  for  the  tests  as  outlined  by  Committee  P-5  in  its  report, 
none  of  the  Institute's  appropriation  to  be  made  available  until  all  of  the 
funds  necessary  for  the  tests  are  fully  subscribed. 
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Meeting  at  GleveLx^nd,  Feb.  15,  10.30  p.  m. 

Present:  President  William  P.  Anderson,  Vice  President  Lindau, 
Past-Presidents  Humphrey,  Wason,  and  Turner,  Messrs.  Boyer,  Ashton, 
Pearson,  Abrams,  Nichols,  and  Secretary  and  Treasurer  Whipple. 

The  secretary  was  authorized  upon  receipt  of  request  from  the  Secre- 
tary of  the  Joint  Committee  on  Si^ecifications  for  Concrete  and  Reinforced 
Concrete  for  additional  funds,  to  meet  the  request  with  a  payment  pro  rata 
with  other  parent  organizations  not  in  excess  of  $100. 

The  Institute's  representatives  on  the  Joint  Committee  on  Specifications 
for  Concrete  and  Reinforced  Concrete  were  instructed  to  urge  strongly 
upon  the  Joint  Committee  the  desirability  of  a  comprehensive  series  of 
field  tests  to  determine  the  practicability  of  the  recommendations  contained 
in  Section  28  of  the  Joint  Committee  Progress  Report,  the  Institute  pledg- 
ing itself  to  the  extent  of  its  ability  to  co-operate  in  the  plan  and  execu- 
tion 'of  such  teats. 


AuDiTOES   Report. 


ALBERT  E.  HORNE, 

301  Hague  Ave. 

Detroit,  July  14,  ]921. 
Mr.  Harvey  Whipple,  Sec'y.  and  Treas. 
American   Concrete   Institute, 
New  Telegraph  Building, 
Detroit,  Michigan. 

Dear  Sir: 

In  accordance  with  your  instructions,  we  have  made  an  examination 
of  the  books  and  records  of  the  American  Concrete  Institute  for  the  period 
from  June  30,  1920,  to  June  30,  1921,  for  the  purpose  of  verifying  the 
Cash  transactions  of  the  period  and  presenting  the  financial  condition 
of  the  Institvite  at  that  date. 

We  submit  herewith  two  exhibits  as  follows :  Exhibit  A^ — statement 
of  condition  as  of  June  30,  1921,  Exhibit  B — statement  of  receipts  and 
disbursements   from   June   30,    1920,   to   June    30,    1921. 

The  Cash  in  Bank,  amounting  to  $4,090.81  as  shown  by  the  Cash 
Book,  was  verified  by  reconciliation  with  the  statement  rendered  by  your 
depository  as  of  June  30,  1921.  During  our  examination  paid  checks,  all 
of  which  were  properly  approved  by  your  President  or  Vice  President  and 
Secretary,  were  seen  for  all  disbursements. 

The  remaining  items  in  statement  of  condition  are  shown  in  accord- 
ance with  the  records,  and  have  not  been  further  verified  by  us. 

We  have  not  attempted  to  determine  the  income  which  should  have 
been  derived  during  the  year,  and  have  restricted  our  examination  to  the 
disposition  of  all  cash  shown  to  have  been  received. 

We  hereby   certify : 

1.  That  all  cash  shown  to  have  been  received  has  been  accounted  for, 
and  that  we  have  seen  satisfactory  evidence  for  all   disbursements. 

2.  That  the  Cash  in  Bank,  amounting  to  $4,090.81,  June  30,  1921. 
was  on  deposit  on  that  date;  also  that  the  Imprest  Cash  amounting  to 
$300.00  was  in  the  hands  of  the  Secretary. 

3.  That  the  statement  of  condition  (Exhibit  A)  is  in  accordance  with 
the  records   and   subject   to   the   foregoing   comments,   and   in   our   opinion 

(410) 
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properly  presents  the  financial  condition  of  the  American  Concrete  Insti- 
tute at  June  30,  1921. 

Respectfully  submitted, 

(Signed)   A.  E.  Horne. 

P.  S.  The  Secretary  calls  my  attention  to  the  fact  that  bills  for  the 
printing  of  the  Proceedings  of  the  Institute,  Volume  17,  1921  Convention, 
have  not  been  presented.  These  bills  are  properly  a  charge  against  the 
surplus  of  June  30,   1921,  given  in   my  report. 

(Signed)   A.  E.  Horne. 


AMERICAN  CONCRETE  INSTITUTE. 

STATExMENT  of  CONDITION. 

June  30,  1921. 

Exhibit  A. 

Assets. 

Cash  in  Bank $4,090.81 

Cash  Imprest   300.00 

Total  Cash $4,390.81 

Victory  Bonds 3,000.00 

Accts.   Receivable — Dues    $932.20 

Accts.  Receivable — Misc 33.2.5 

— — —  965.45 

Inventories : 

405  Proceedings   Ccv  $3.75    $1,518.75 

722  Journals  @  .$0,375 270.75 

Total  Inventories $1,789.50 

Total   Assets    ... $10,145.76 

Liabilities. 

Accounts  Payable $738.61 

Surplus    9,407.15 

$10,145.76     $10,145.76 
Analysis  of  Cash  Balance : 

Balance  in  Bank  as  per  Statement  June  30,  1921 .  .$4,090.81 
Statement  June  30,   1921 

Imprest  Cash   300.00 

— ■     $4,390,81 

No  checks  outstanding 
June  30,  1921. 
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AMEKICAN  CONCRETE  INSTITUTE. 

CASH  RECEIPTS  AND  DISBURSEMENTS. 

As  shown  by  Cash  Book 

July  1,  1920,  to  June  30,  1921.^ 

Receipts. 

Balance  on  hand  June  30,  1920   $1,908.64 

Dues 5,468.33 

Proceedings    1,271.42 

Contributing  Members 6,263.31 

Miscellaneous 1,135.02 

Total   receipts    . ■. •; $16,046.72 

Disbursements. 

Foreign  Exchange * $1.21 

Salaries 2,851.01 

Office  printing  and  Supplies 1,346.15 

Proceedings 2,814.60 

Travel    525.22 

President's'  Office 12.70 

Postage 432.37 

Convention    1,179.68 

Misc.   Expense    1,694.95 

Imprest  Cash 100.00 

Flat  Slab  Report  Expense    998.02 

Total  disbursements $11,955.91 


Balance  in  Bank  June  30,  1921 $4,090,81 
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The  receipts  and  expenditures  in  the  present  fiscal  year  from  July   1 
to  February  1  were  as  follows : 


Receipts. 

Dues — Active .$4,103.82 

Dues — Contributing 4,040.02 

Proceedings     383.71 

Misc.  preprints  sale   ' 59.55 

Interest — Commercial  account  and  V.  Bonds 146.09 

Contribution — Far  Rockaway   Fire  Com 102.80 

•       $8,835.99 

Disbursements.  , 

Salaries    $1,483.33 

Postage    205.36 

Proceedings    4,941.96 

Printing  Preprints .    .       292.91 

Travel 193.68 

OflSce  Supplies  and  misc.  ptg 237.10 

Far  Rockaway  Fire  Committee  additiojial  expense.  .  .       202.80 

News  Letters,  Membership  list  and  pamphlets 705.94 

Miscellaneous   expenses    207.30 

8.470.38 

SUMMAEY. 

Balance  in  Bank  July  1,  1921 — auditor's  report 4,090.81 

Total  receipts    8,835.99 

$12,926.80 
Total   Disbursements 8,470.a8 

Balance  in  bank    $4,456.42 

Balance  shown  by  National  Bank  of  Commerce  Statement  of 

February  1,   1922    4,456.42* 


I' In  addition  to  this  we  have  $3,000  in  Victory  Bonds. 


MEMBERS  AMERICAN   CONCRETE   INSTITUTE. 

An  Asterik    {'■^)    designaies  a  Hupporting  Member. 

Memliers  will  please  send  to  the  Secretary  a  correction  of  any  error 
of  name  or  address  in  this  list. 

Abbott,  C.  J.,  Cleveland,  Ohio.      (Hydraulic  Steelcraft  Co.) 
Abe,   MiKiSHi,  24  Mita  S  Teaiple,   Shiba,  Tokyo,  Japan. 
•'Aberthaw   Construction    Co.,   27    School    St.,   Boston,   9,   IMass.      (L.   C. 

Wason.) 
'"'Aberthaw  CoNSTRrcTioN   Co.,  27    School   St.,   Boston,  9,  Mass.      (L.   C. 

Wason.) 
Abrams,  Duff  A.,  Lewis  Institute,  1951  W.  Madison  St.,-  Chicago,  111. 
AccEVEDO,    OcTAvio,    Palacio    di    Gobierno,    Santo    Domingo,    Republica 

,  Dominicana. 
Aeby,  Norman  O.,  Perth  Amboy,  N.  J. 
Affleck,   B.   F.,   210   S.   LaSalle   St.,   Chicago,   111.     (Universal   Portland 

Cmt.  Co.) 
Aktiebolaget  Maeinbetong,  Nykoping,  Sweden.     (E.  V.  Carlsson. ) 
Albright   &   Mebus,   Land   Title   Bldg.,    Philadelphia,   Pa.     (Charles    F. 

Mebus. ) 
Aldridge,   E.   v.,  208   S.   LaSalle  St.,   Chicago,   111.     (Universal   Portland 

Cmt.  Co.) 
Alger,  H.   H.,   244  Madison  Ave.,  New  York,   N.   Y.     (Tm-ner   Construc- 
tion Co.) 
Alin,  a.  L.,  45  Regeringsgatan,  Stockholm,  Sweden. 
Allen,  O.  T.,  208  S.  LaSalle  St.,  Chicago,  111.     (American  Steel  &  Wire 

Co. ) 
'"'Allentown  Portland  Cement  Co.,  Allentown,  Pa. 
Alliance  Hollow   Cement   Block  Co.,   Northampton,   Pa.     (J.  H.   Van 

Middlesworth.) 
Allison,  A.  C,  90  Main  St.,  Malone,  N.  Y.     (The  Allison  Concrete  Works.) 
'"Alpha  Portland  Cement  Co.,  Easton,  Pa.    (L.  Anderson,  Jr.) 
•■Ambursen  Construction  Co.,  186  Fifth  Ave.,  New  York  City. 
American  Bureau  of  Shipping,  66  Beaver  St.,  New  York  City. 
American  Can   Co.,   120  Broadway,  New  York   City.     (C.  E.  Preis.) 
American  Cement  Paint  Co.,  Box  294,  Chattanooga,   Tenn.     (W.  P.    D. 

Moross. ) 
American  Cement  Tile  Mfg.  Co.,  Oliver  Bldg.,  Pittsburgh,  Pa. 
American    System    of    Reinforcing,    10    S.    LaSalle    St.,    Chicago,    111. 

(Arthur  A.   Clement.) 
Amsterdam  Bldg.  Co.,  Inc.,  140  W.  42nd  St.,  New  York,  N.  Y.      (T.  H. 

Maxwell.) 
Anderson,  John  Edward,  Box  40,  Te  Puke,  Bay  of  Plenty,  New  Zealand. 

(414) 
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Anderson,  Walter  W.,  422  Newbury  St.,  Boston,  Mass. 

Arbour,  Erwin  F.,  Fifth  Ave.  and  Oak  St.,  Bayshore,  Long  Island. 

Archibald  &  Holmes,  Continental  Life  Bldg.,  Toronto,  Ont.  (A.  H. 
Holmes. ) 

Arnold  Stone,  Brick  &  Tile  Co.,  Inc.,  Lem  Turner  and  47th  Sts.,  Jaek- 
sonville,   Fla.     (M.  A.  Arnold.) 

ARQUisoi^A,   Jose,    Poblaoion,   Romblon,   Philippine   Islands. 
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